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OVERVIEW 


ORGANIZATION 


Touch  the  Earth  teaches  students  to  identify  common  geolog¬ 
ical  features,  especially  those  they  are  likely  to  see  in  landscapes 
at  home  and  when  traveling.  These  include  features  such  as  fold 
and  block  mountains  and  domes.  They  also  include  other  signs 
of  past  geological  events,  such  as  earthquakes,  volcanoes,  canyons, 
and  glacial  deposits.  Students  will  learn  not  only  to  recognize 
these  features,  but  also  to  identify  their  causes  —  moving  water 
(liquid  or  solid),  magma  flow,  tectonic  plate  movement,  winds, 
deposition  from  slow-moving  water,  landslides,  and  others. 


Touch  the  Earth  contains  nine  core  activities,  three  advanced 
activities,  and  four  excursion  activities.  The  first  activity  in  each 
section  is  a  planning  activity  and  should  be  done  before  any  of 
the  other  activities  in  that  section.  Only  in  the  core  section  is 
there  a  prescribed  order.  Students  planning  to  do  Activity  2 
should  do  it  immediately  after  the  core  planning  activity.  It 
requires  listening  to  a  cassette  tape.  Students  planning  to  do 
Activity  9  should  do  it  after  the  other  core  activities. 

The  core  activities  focus  on  the  identification  and  the  probable 
causes  of  common  landscape  features.  These  include  those  al¬ 
ready  mentioned,  as  well  as  several  others,  such  as  lakes,  drumlins, 
sand  dunes,  U-shaped  valleys,  and  V-shaped  valleys.  Students  are 
also  taught  to  distinguish  between  a  description  of  a  feature  and 
an  explanation  of  its  formation. 

One  advanced  activity  focuses  upon  the  validity  of  observations 
that  support  the  theory  of  tectonic  plate  movement  (continental 
drift).  Another  advanced  activity  involves  map  reading,  with  the 
interpretation  of  symbols  on  a  topographic  map.  Students 
construct  their  own  topographic  map  from  materials  provided 
to  them. 

In  one  excursion  activity,  students  learn  about  the  application 
of  mineral  resources  for  human  needs  and  comfort.  In  another 
excursion  activity,  students  learn  to  test  and  classify  different 
kinds  of  rocks.  And  finally,  students  can  learn  more  about 
weathering. 


Cassette  Tape 

A  cassette  tape  is  needed  for  Activity  2  of  Touch  the 
Earth.  It  briefly  recounts  a  combination  of  theories  about  how 
Earth  and  its  rocks  were  formed.  Activity  2  contains  a  series  of 
drawings  illustrating  the  narration.  Questions  are  provided  in  the 
text  that  focus  the  student's  attention  on  significant  details.  Both 
tape  and  booklet  emphasize  that  "An  Earthly  Tale"  is  theory, 
not  fact. 
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A  script  for  making  a  tape  is  included  starting  on  page  ATE  1 5. 
Producing  the  tape  will  require  two  voices.  Musical  sound  effects 
are  optional.  As  an  alternative,  the  script  might  also  be  repro¬ 
duced- in  classroom  quantities  and  read.  Permission  to  reproduce 
the  script  is  granted  to  users  of  this  minicourse. 

The  following  tables  show  the  quantity  and  the  frequency  of 
use  of  each  item  used  in  each  activity.  The  activities  that  require 
no  materials  are  not  listed  in  the  tables. 

It  is  important  to  collect  and  organize  all  the  materials  for 
each  minicourse  before  the  students  begin  any  of  the  activities, 
since  the  students  will  be  working  simultaneously  on  different 
activities.  Having  all  materials  readily  available  allows  students  to 
do  the  activities  in  the  order  they  choose.  The  amount  of  material 
you  will  need  to  make  available  will  depend  on  the  number  of  lab 
groups  that  will  be  doing  each  activity.  As  lab  groups  use  the 
“skipping  option"  and  as  they  scatter  themselves  throughout 
the  activities,  the  total  amount  of  materials  needed  at  one  time 
for  each  activity  will  decrease. 


MATERIALS  AND 
EQUIPMENT 


MINIMUM  MATERIALS  PER 

LAB  GROUP1-  PER  ACTIVITY 

NONCONSUMABLE  ITEMS 

2 

3 

4 

6 

11 

12 

15 

Ball,  golf  (or  any  small,  hard  ball) 

1 

•Block,  wood,  about  15  cm  X  3  cm  X  3  cm 

2 

*Box,  shoe,  or  other  suitable  container  for  rock  samples 

1 

1 

2 

•Cassette  player 

1 

Clay,  modeling,  4  different  colors,  each  color  (g) 

500 

•Cylinder,  wood  or  glass,  25  cm  long  with  5-cm  diameter 

1 

Hand  lens 

1 

1 

1 

Jar,  baby  food 

1 

Knife,  kitchen 

1 

Marble 

1 

Nail,  6  or  8  penny,  or  needle 

1 

1 

Pencil,  colored,  black 

1 

Pencil,  colored,  blue 

1 

Pencil,  colored,  brown 

1 

Pencil,  colored,  green 

1 

Pencil,  soft 

1 

Pencil,  wax,  or  transparency  marking  pen 

1 

•Rock  Set  for  Activity  2 

1 

•Rock  Set  for  Activity  4 

1 

•Rock  Set  for  Activity  15 

1 

•Rock  Set  for  Question  15-1 

1 

*See  "Advance  Preparations." 

t  A  lab  group  is  defined  as  one  student,  a  pair  of  students,  or  any  size  group  of  students  that  you  choose. 
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NONCONSUMABLE  ITEMS 

MINIMUM  MATERIALS  PER 

LAB  GROUP1-  PER  ACTIVITY 

2 

3 

4 

6 

11 

12 

15 

Ruler,  calibrated  in  inches 

1 

Safety  goggles 

1 

Scissors 

1 

1 

•Tape,  cassette,  for  Touch  the  Earth,  Activity  2 

1 

•Topographic  map  cut  (optional) 

1 

•Topographic  map,  local  (optional) 

1 

•Topographic  map  symbol  sheet  (optional) 

1 

Transparency  acetate,  about  17  cm  X  22  cm 

1 

*See  "Advance  Preparations." 

lab  group  is  defined  as  one  student,  a  pair  of  students,  or  any  size  group  of  students  that  you  choose. 


CONSUMABLE  ITEMS 

MINIMUM  MATERIALS  PER 

LAB  GROUP1  PER  ACTIVITY 

2 

4 

6 

1 1 

12 

15 

•Cardboard  (optional),  21  cm  X  28  cm 

1 

•Correction  fluid,  typing,  white,  bottle 

1 

1 

1 

•Hydrochloric  acid,  HCI,  0.5M,  in  dropping  bottle 

1 

•ISIS  Island  Contour  Cutouts 

1 

•ISIS  Island  Topographic  Map 

1 

Paper,  tracing  (onion  skin),  21  cm  X  28  cm 

1 

Paste,  for  paper,  small  jar 

1 

Tape,  cellophane  (cm) 

20 

Tape,  masking  (cm) 

5 

*See  "Advance  Preparations." 

^A  lab  group  is  defined  as  one  student,  a  pair  of  students,  or  any  size  group  of  students  that  you  choose. 


ADVANCE  Activity  2 

PREPARATIONS 

Use  your  supply  of  rock  samples  to  make  an  adequate  number 
of  rock  sets  for  your  students.  For  this  activity,  use  the  following 
kinds  of  rocks:  basalt,  gray  granite,  rhyolite,  limestone,  sand¬ 
stone,  conglomerate,  marble,  quartzite,  and  gneiss.  Label  each 
rock  by  painting  an  area  white  with  typing  correction  fluid  and 
writing  the  name  of  the  rockon  the  whitened  area.  Put  the  labeled 
rocks  in  a  shoe  box  or  other  suitable  container,  and  label  the  box 
Rock  Set  for  Activity  2.  Make  cassette  tapes  (or  dittoed  copies) 
of  the  script  on  ATE  pages  15-22. 
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Activity  3 


A  glass  or  well-waxed  wooden  rolling  pin  can  be  used  for  the 
cylinder.  Or  alternatively,  a  wood  cylinder  can  be  formed  on  a 
lathe,  preferably  using  a  hard  wood.  Sand  the  surface  smooth,  and 
wax  it  well  with  a  paste-type  furniture  polish.  Then  polish  it.  Cut 
pairs  of  wooden blockstothecorrect size  —  15  cm  X  3  cm  X  3  cm. 


Activity  4 

Prepare  the  rock  samples  for  this  activity  as  directed  in  Activ¬ 
ity  2,  but  for  this  set  select  and  label  these  rock  samples:  pumice , 
obsidian ,  scoria ,  and  tuff.  Label  the  box  Rock  Set  for  Activity  4. 


Activity  12 

Free,  sample  topographic  map  cuts  and  symbol  sheets  (up  to 
fifty  of  each)  may  be  ordered  to  supplement  this  activity.  Write 
on  your  school  letterhead  to 

National  Cartographic  Information  Center 
U.S.  Geological  Survey 
507  National  Center,  Room  1-C-107 
12201  Sunrise  Valley  Drive 
Reston,  VA  22092 
Phone:  (703)  860-6045 
Allow  two  to  three  months  for  delivery. 

See  "Background  Information"  for  information  on  ordering 
topographic  maps  for  your  local  area  and  to  check  other  mate¬ 
rials  available  from  the  U.S.  Geological  Survey. 

Be  sure  to  run  off  in  advance  enough  copies  of  the  ISIS  Island 
Contour  Cutouts  and  the  ISIS  Island  Topographic  Map.  Pasting 
the  cutouts  on  cardboard  will  add  to  the  effectiveness  of  the 
model  island. 


Activity  15 

Spirit  duplicating  masters  of  Figure  15-1  "Rock  Tests"  and 
Figure  15-2  "Clues  to  Rocky  Problems"  on  page  70  are  available. 
ISIS  suggests  using  these  in  the  classroom.  They  also  would  be 
especially  helpful  and  convenient  for  use  in  the  field. 
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Prepare  the  rock  samples  for  this  activity  as  directed  in  Activ¬ 
ity  2,  but  give  these  rock  samples  numbers  for  identification, 
instead  of  names.  Put  the  numbers  in  parentheses  on  the  sample: 
basalt  (18),  gabbro  (14),  gray  granite  (7),  pink  granite  (4),  ob¬ 
sidian  (6),  pumice  (8),  rhyolite  (15),  scoria  (13),  tuff  (2),  gneiss 
(16),  marble  (1),  quartzite  (12),  schist  (10),  slate  (5),  conglom¬ 
erate  (9),  limestone  (3),  sandstone  (17),  and  shale  (11).  Label 
the  box  Rock  Set  for  Activity  15. 

For  Question  15-1,  put  the  letters  in  parentheses  on  these  rock 
samples:  shale  (X),  slate  (Y),  and  pink  granite  (Z).  Label  the 
box  Rock  Set  for  Question  15-1. 

You  may  wish  to  provide  other  rock  samples,  perhaps  local 
rocks,  different  from  those  the  student  has  studied. 

Hydrochloric  acid ,  HCt ,  0.5M:  Add  4  ml  of  concentrated  HCI 
(12M)  to  100  ml  of  water.  Dispense  the  solution  in  dropping 
bottles.  CAUTION:  HCI  is  corrosive.  Wear  safety  goggles  and 
take  proper  precautions  while  preparing  the  solution. 

BACKGROUND  Volcano  Model 

INFORMATION 

If  your  students  have  never  seen  one  before,  you  might  want 
to  do  a  baking  soda  and  vinegar  ''volcano”  demonstration.  Ordi¬ 
nary  baking  soda  and  vinegar,  combined  in  equal  portions  in  the 
cone  of  a  papier-mache  volcano  (or  one  made  of  salt,  flour,  and 
water),  foams  out  of  the  crater  and  down  the  sides.  The  demon¬ 
stration  can  safely  be  done  indoors. 


Earthquakes 

The  use  of  the  words  magnitude  and  intensity  related  to  earth¬ 
quake  data  may  be  confusing.  The  use  of  magnitude  value  for 
an  earthquake  refers  to  the  energy  released  at  the  focus  of  an 
earthquake.  It  is  a  measure  of  the  ground  motion  at  the  obser¬ 
vation  station  and  is  classified  by  the  Richter  Scale.  Since  every 
observation  station  bases  its  estimate  of  the  energy  released  on  an 
analysis  of  the  data  it  receives,  stations  at  different  locations 
don't  always  estimate  the  same  value  on  the  Richter  Scale. 

The  intensity  of  an  earthquake  is  a  measure  of  the  disturbance 
and  damage  occurring  at  a  particular  location.  The  Modified 
Mercalli  Scale  divides  earthquake  intensity  into  twelve  classes, 
as  shown  in  the  table  on  page  ATE  7.  (News  media  may  use 
this  scale  because  of  its  human-interest  appeal.) 
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SCALE  OF  EARTHQUAKE  INTENSITY 

(MODIFIED  MERCALLI  SCALE) 

Class 

Description 

1 

Tremors  are  not  felt  except  by  a  very  few  under  especially  favorable  circumstances. 

II 

Tremors  are  felt  only  by  a  few  persons  at  rest,  especially  on  upper  floors  of  buildings.  Delicately  suspended 
objects  may  swing. 

III 

The  earthquake  is  felt  quite  noticeably  indoors,  especially  on  upper  floors  of  buildings.  But  many  people  do 
not  recognize  it  as  an  earthquake.  Standing  cars  may  rock  slightly.  The  vibration  is  like  that  from  a  passing 

truck. 

IV 

Tremors  are  felt  indoors  by  many,  outdoors  by  few.  At  night,  some  people  are  awakened.  Dishes,  windows, 
and  doors  are  disturbed.  Walls  creak.  The  sensation  is  like  that  felt  from  a  heavy  truck  striking  a  building. 
Standing  cars  rock  noticeably. 

V 

The  earthquake  is  felt  by  nearly  everyone.  Some  dishes,  windows,  and  other  breakable  objects  break.  A  few 
instances  of  cracked  plaster  occur.  Unstable  objects  overturn.  Disturbances  of  trees,  poles,  and  other  tall  ob¬ 
jects  are  sometimes  noticed.  Pendulum  clocks  may  stop. 

VI 

The  earthquake  is  felt  by  all.  Many  people  are  frightened  and  run  outdoors.  Some  heavy  furniture  moves. 

A  few  instances  of  fallen  plaster  or  damaged  chimneys  occur. 

VII 

Everybody  feels  the  earthquake  and  runs  outdoors.  Damage  is  negligible  in  buildings  of  good  design  and  con¬ 
struction;  slight  to  moderate  in  well-built,  ordinary  structures,  and  considerable  in  poorly  built,  or  badly  de¬ 
signed  structures.  Some  chimneys  break.  The  tremors  are  noticed  by  persons  driving  cars. 

VIII 

Damage  is  slight  in  specially  designed  structures;  considerable  in  ordinary,  substantial  buildings,  which  par¬ 
tially  collapse;  great  in  poorly  built  structures.  Panel  walls  are  thrown  out  of  frame  structures.  Chimneys, 
factory  stacks,  columns,  monuments,  and  walls  often  fall.  Heavy  furniture  overturns.  Sand  and  mud  are 
ejected  in  small  amounts.  Changes  occur  in  well  water.  Persons  driving  cars  are  disturbed. 

IX 

Damage  is  considerable  in  specially  designed  structures.  Well-designed  frame  structures  are  thrown  out  of 
plumb.  Damage  is  great  in  substantial  buildings,  which  partially  collapse.  Buildings  shift  off  their  founda¬ 
tions.  The  ground  is  clearly  cracked.  Underground  pipes  break. 

X 

Some  well-built,  wooden  structures  are  destroyed.  Most  masonry  and  frame  structures  are  destroyed,  along 
with  their  foundations.  The  ground  cracks  badly.  Rails  bend.  Landslides  from  river  banks  and  steep  slopes 
occur.  Sand  and  mud  shift.  Water  splashes  over  banks. 

XI 

Few  masonry  structures  remain  standing.  Bridges  are  destroyed.  Broad  fissures  appear  in  the  ground.  Under¬ 
ground  pipes  are  put  out  of  service.  Earth  slumps  and  land  slips  in  soft  ground.  Rails  bend. 

XII 

Damage  is  total.  Waves  are  seen  on  ground  surfaces.  Lines  of  sight  and  level  are  distorted.  Objects  are  thrown 
upward  into  the  air. 

Beach 

Once  formed,  a  beach  is  a  geologically  fairly  permanent  fea¬ 
ture.  But  it  is  in  dynamic  equilibrium,  always  in  flux  and  showing 
changes  with  tides,  waves,  seasons,  and  other  forces.  In  simple 
terms,  beach  formation  is  the  middle  stage  of  a  three-stage  proc¬ 
ess.  Sand  is  always  in  motion  along  shore,  being  fed  by  rivers  and 
streams  (95%)  and  cliff  recession  (5%)  and  being  lost  to  deep  wa¬ 
ter  through  submarine  canyons  and  other  pathways.  The  three 
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stages  are  ( 1 )  the  supply  of  sand  from  the  land,  (2)  the  movement 
of  sand  along  the  shore,  and  (3)  the  loss  of  sand  to  deep  water. 
To  cause  a  beach  to  disappear  would  require  cutting  off  the  supply 
and  waiting  for  it  to  drain  away  into  deep  water.  This  does  not 
happen  from  natural  causes  enough  to  be  worthy  of  mention. 
Disappearing  beaches  are  usually  the  result  of  human  interference 
with  the  natural  system,  causing  the  sand  to  be  removed  faster 
than  it  is  being  supplied,  either  by  blocking  the  supply  of  sand 
with  dams  and  reservoirs  or  by  blocking  the  longshore  currents 
by  building  groins  and  by  dredging. 

Metric  Units 

The  U.S.  Geological  Survey  (USGS)  has  begun  the  slow  process 
of  changing  all  topographic  maps  to  metric  units.  Until  such 
time  as  this  conversion  is  completed,  students  will  have  to  con¬ 
tend  with  English  units,  as  in  Activity  12. 

Supplementary  Resources 

The  United  States  Geological  Survey  (USGS)  makes  a  large 
number  of  resources  available,  which  would  be  useful  in  teaching 
and  supplementing  Touch  the  Earth.  Books,  pamphlets,  and 
periodicals  are  available  by  mail  from  Branch  of  Distribution, 
U.S.  Geological  Survey,  1200  South  Eads  Street,  Arlington,  VA 
22202,  Phone:  (703)  557-2781,  or  from  Superintendent  of 
Documents,  U.S.  Government  Printing  Office,  Washington,  DC 
20402,  Phone:  (202)  275-2034. 

Payment  must  be  made  by  check  or  money  order  only.  The 
USGS  office  will  furnish  lists  and  up-to-date  pricing  information. 

Over-the-counter  distribution  and  sales  of  USGS  materials  are 
available  at  USGS  Public  Inquiries  Offices  located  in  the  follow¬ 
ing  cities:  Anchorage,  Dallas,  Denver,  Los  Angeles,  Reston,  Vir¬ 
ginia,  Salt  Lake  City,  San  Francisco,  Spokane,  and  Washing¬ 
ton,  D.C.  Contact  the  Office  nearest  you  for  information. 

Public  Inquiries  Offices  maintain  a  stock  of  maps  of  local  in¬ 
terest  for  over-the-counter  sale,  as  do  USGS  Offices  in  Rolla, 
Missouri,  Denver,  Menlo  Park,  California,  and  Fairbanks.  Maps 
are  also  sold  by  commercial  dealers  throughout  the  United  States. 
State  map  indexes  list  these  dealers. 

The  U.S.  Government  Printing  Office  (GPO)  also  has  book¬ 
stores  for  over-the-counter  sales  of  USGS  materials  in  the  follow¬ 
ing  cities:  Atlanta,  Birmingham,  Boston,  Chicago,  Cleveland, 
Dallas,  Denver,  Detroit,  Jacksonville,  Kansas  City,  Los  Angeles, 
Milwaukee,  New  York,  Philadelphia,  Pueblo,  San  Francisco, 
Seattle,  and  Washington,  DC. 
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The  Atlas  of  Volcanic  Phenomena  is  available  from  all  of  the 
above  sources.  It  consists  of  a  package  of  twenty  poster-size 
(16"  X  20")  sheets,  which  depict  a  wide  range  of  volcanic  features 
in  full-color  photographs  and  diagrams.  Explanatory  material 
is  provided.  The  atlas  includes  information  on  the  distribution 
of  volcanoes  around  the  world;  source  areas  of  molten  rock  in 
Earth's  crust;  various  types  of  volcanoes,  their  products,  and  in¬ 
ternal  structures;  geysers  and  hot  springs;  ash  flows  and  flood 
basalts;  calderas;  and  some  of  the  results  of  studies  conducted 
at  the  USGS  Hawaiian  Volcano  Observatory  located  on  the  lip 
of  Kilauea  Volcano  on  the  island  of  Hawaii. 

The  World  Seism  isity  Map  is  a  very  large  map  that  plots  the 
epicenters  of  large  magnitude  earthquakes  from  1897  through 
1972  and  smaller  earthquakes  from  1963  through  1972.  It  is 
available  for  a  small  charge  through  USGS  sources. 

State-by-state  USGS  topographic  map  indexes  are  available 
free  by  mail  from  the  Branches  of  Distribution  and  over-the- 
counter  at  the  Public  Inquiries  Offices.  Use  the  indexes  to  deter¬ 
mine  which  maps  you  want  and  their  cost. 

Maps  are  distributed  by  region,  according  to  their  geographical 
locations.  Maps  of  areas  east  of  the  Mississippi  River,  including 
Minnesota,  Puerto  Rico,  and  the  Virgin  Islands  should  be  or¬ 
dered  by  mail  from  the  Arlington,  Virginia,  Branch  of  Distribution. 
Maps  for  areas  west  of  the  Mississippi,  including  Alaska,  Hawaii, 
Louisiana,  Guam,  and  American  Samoa  should  be  ordered  from 
Branch  of  Distribution,  U.S.G.S.,  Box  25286,  Federal  Center, 
Denver,  CO  80225.  Alaska  residents  may  order  maps  of  Alaska 
from  Distribution  Section,  U.S.G.S.,  Box  12,  Federal  Building, 
101  Twelfth  Avenue,  Fairbanks,  AK  99701. 

Packets  of  teaching  aids  are  available  from  the  USGS  Geologic 
Inquiries  Group  (GIG)  and  the  National  Cartographic  Information 
Center  (NCIC).  These  packets  include  lists  of  reference  materials, 
various  maps  and  map  indexes,  and  a  selection  of  nontechnical 
publications.  Teacher's  Packet  of  Geologic  Materials  is  intended 
for  secondary  and  college  teachers  of  earth-science  courses  and  is 
available  from  GIG.  NCIC  compiles  specialized  packets  that  em¬ 
phasize  topographic  mapping,  based  on  the  teacher's  request,  so 
information  on  needs  and  interest  is  helpful.  A  state  index, 
symbol  sheets,  and  map  cuts  will  be  included  in  the  packet  if  re¬ 
quested. 

To  obtain  a  teacher's  packet,  write  on  school  letterhead  to 
GIG  or  NCIC,  indicating  the  grade  level  and  subject  you  teach. 
Allow  two  to  three  months  for  delivery.  Addresses  are  provided 
on  page  ATE  10. 
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Geologic  Inquiries  Group  (GIG) 
U.S.  Geological  Survey 
907  National  Center 
12201  Sunrise  Valley  Drive 
Reston,  VA  22092 
Phone:  (703)860-6517 


National  Cartographic  Information  Center  (NCIC) 

U.S.  Geological  Survey 

507  National  Center 

Room  1-C-107 

12201  Sunrise  Valley  Drive 

Reston,  VA  22092 

Phohe:  (703)  860-6045 


A  "do-it-yourself  icosahedron  globe"  showing  world  earth¬ 
quake  epicenters  (Richter  4.5  or  greater)  is  available  at  small  cost 
from  National  Geophysical  and  Solar— Terrestrial  Data  Center 
(D62)  NOAA/EDS,  Boulder,  CO  80302.  Phone:  (803)499-1000, 
Ext.  6591.  A  free  booklet  of  earthquake  publications  is  also 
available. 

The  Center  for  Short-Lived  Phenomena  (CSLP)  publishes  up- 
to-date  reports  on  geophysical,  astronomical,  biological,  and 
pollution  events  happening  around  the  world.  Write  for  subscrip¬ 
tion  information  to  the  Center  for  Short-Lived  Phenomena, 
138  Mt.  Auburn  Street,  Cambridge,  MA  02138.  You  might  also 
request  information  about  the  Environmental  Alert  Network. 

The  U.S.  Geological  Survey  has  a  number  of  films  available  on 
a  free,  short-term-loan  basis  to  schools.  The  films  listed  here  may 
be  borrowed,  or  information  about  their  subject  matter  avail¬ 
ability  may  be  obtained  from  Branch  of  Visual  Services,  U.S. 
Geological  Survey,  303  National  Center,  Reston,  VA  22092. 
Phone:  (703)860-6171. 

Those  marked  with  an  asterisk  (*)  may  also  be  borrowed  from 
Modern  Talking  Picture  Services,  Inc.,  2323  New  Hyde  Park 
Road,  New  Hyde  Park,  NY  11040.  Phone:  (516)437-6300. 
Write  for  price  quotations. 

*  The  Alaska  Earthquake,  1964  (1966)  20.5  minutes. 

Consensus  for  Concern  (1976)  27  minutes. 

EROS:  Response  to  a  Changing  World  (1975)  14  minutes. 

*  Eruption  of  Kiiauea,  1959-1960  (1961)  29  minutes. 

Flow  in  Alluvial  Channels  (1962)  40  minutes. 

*The  Geology  of  Zuni  Salt  Lake  Maar  16  minutes. 

*  In  the  Beginning  (1954)  28  minutes. 

*  John  Wesley  Powell:  Canyon  Geologist  (1969)  22  minutes. 

*Katmai  18.5  minutes. 

The  Little  Plover  (River)  Project,  A  Study  in  Sand  Plains 
Hydrology  (1953)  33  minutes. 

*1955  Eruption  of  Kiiauea  Volcano,  Hawaiian  Islands  (1958) 
12.5  minutes. 

The  Subject  Is  Water  (1976)  28  minutes. 

*The  Water  Below  (1964)  30  minutes. 
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The  National  Geographic  Society  has  produced  four  sound 
filmstrips  titled  Geology:  Our  Dynamic  Earth.  The  package  in¬ 
cludes  a  photomosaic  map  of  the  forty-eight  contiguous  states. 
For  pricing  information,  write  for  No.  03247  (filmstrips  with 
records)  or  No.  03248  (filmstrips  with  cassettes),  to  the  National 
Geographic  Society,  Department  77,  Washington,  DC  20036. 

Safety  Contracts 

ISIS  strongly  recommendsthat  all  students  sign  a  safety  contract 
early  in  the  school  year  before  beginning  any  minicourse.  A 
sample  contract  can  be  found  in  Managing  ISIS. 

To  help  enforce  the  provisions  of  the  safety  contract,  ISIS  has 
placed  various  cautionary  notes  in  the  student's  book.  You  will 
note  that  these  cautions  emphasize  eye  safety  in  particular. 

Eye  Safety 

ISIS  recommends  that  students  wear  safety  goggles  when¬ 
ever  they  are  working  in  a  laboratory  situation.  Although  a 
particular  student  may  not  be  working  with  hazardous  mate¬ 
rials,  other  students  nearby  may  be. 

Working  with  Chemicals 

Before  students  begin  working  with  chemicals,  spend  some 
time  instructing  them  about  general  laboratory  safety  and  about 
appropriate  precautions  for  working  safely  with  chemicals.  There 
are  several  general  safety  suggestions  in  Managing  ISIS. 

Disposal  and  Conservation  of  Materials 

You  will  have  to  direct  students  on  methods  of  safely  con¬ 
serving  and  disposing  of  various  liquids  and  solids.  Refer  to 
Managing  ISIS  for  general  suggestions. 


In  addition  to  the  Minicourse  Test,  answers  to  which  are 
provided  with  the  test,  you  may  want  to  use  the  following  essay 
questions  and  laboratory  performance  items. 

Essay  Questions 

Four  essay  questions  are  included  here  with  model  answers 
for  your  convenience.  The  first  three  relate  to  core  activities. 
The  fourth  relates  to  an  advanced  activity. 


EVALUATION 

SUGGESTIONS 
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1.  What  is  an  earthquake?  What  causes  earthquakes?  What  are 
some  of  the  effects  of  an  earthquake? 

Answer:  An  earthquake  is  the  abrupt  movement  of  a  portion  of 
the  top  part  of  Earth's  crust.  It  is  caused  by  stresses  and  strains. 
Some  of  the  effects  include  damage  to  buildings  and  other  struc¬ 
tures,  such  as  roads  and  bridges,  the  displacement  of  rivers  and 
streams,  and  the  loss  of  human  and  other  animal  life. 


2.  Tell  what  causes  the  movement  of  sand  dunes  and  beaches. 
Describe  the  effects  of  such  movements. 

Answer:  Sand  dunes  are  moved  by  winds.  Beaches  are  moved  by 
water  currents.  Moving  sand  dunes  can  cover  up  whole  buildings 
and  parts  of  highways,  and  they  can  destroy  trees  and  smaller 
plants  by  covering  them  with  sand.  When  sand  is  moved  off  a 
beach,  it  is  often  replaced  by  sand  deposits  from  another  source 
up  current.  The  sand  that  is  moved  is  redeposited  down  current. 
In  most  cases,  then,  the  effect  of  sand  removal  and  deposition 
on  beaches  is  not  noticed. 

3.  Besides  the  difference  in  shape,  what  other  difference  is  there 
between  a  U-shaped  valley  and  a  V-shaped  valley? 

Answer:  The  U-shaped  valley  was  formed  by  the  action  of  a 
glacier,  scouring  a  V-shaped  valley  as  it  slowly  moved.  A  V-shaped 
valley  was  cut  by  moving  water  —  a  river  or  stream  —  as  it  flowed. 

4.  What  are  some  of  the  facts  and  observations  that  support  the 
theory  of  continental  drift? 

Answer:  There  are  several.  The  major  landmasses  can  befitted 
together  into  a  single  landmass  with  slight  overlaps  or  gaps.  Ages 
of  the  rocks  on  different  continents  match  at  the  places  where 
the  continents  fit  together.  The  locations  of  glacial  deposits  on 
different  continents  match  where  those  continents  might  have 
fitted  together  earlier.  There  are  similar  fossil  deposits  on  different 
continents  in  places  where  they  might  once  have  been  joined. 
The  locations  of  most  volcanoes  and  earthquakes  suggest  that  the 
continents  are  still  drifting  and  moving.  Rocks  in  ocean  basins 
are  very  young  compared  with  the  rocks  on  the  continents.  Fi¬ 
nally,  although  continents  lose  much  area  through  erosion  to 
ocean  basins,  ocean  basins  are  not  full  of  continental  sediment. 
Continents  would  be  flat  and  ocean  basins  would  be  filled  in  if 
continents  had  always  been  separated  as  they  are  now. 


12  ATE 


Laboratory  Performance 


The  laboratory  performance  items  require  individual  students 
to  demonstrate  skills  used  in  the  minicourse.  You  may  wish  to 
assess  students  soon  after  they  have  learned  the  skill.  The  first 
item  tests  a  skill  learned  in  the  core.  The  second  tests  a  skill 
learned  in  an  excursion  activity. 

1.  Provide  students  with  scenic  photographs  cut  from  magazines. 
Ask  them  to  identify  correctly  such  features  as  a  volcano,  block 
mountains,  and  a  V-shaped  valley. 

2.  Give  students  rock  samples,  a  hand  lens,  and  HCI  in  a  dropping 
bottle.  Have  them  identify  each  rock  sample  as  igneous,  metamor- 
phic,  or  sedimentary. 


Abruscato,  Joe,  and  Hassard,  Jack.  Loving  and  Beyond:  Science 
Teaching  for  the  Humanistic  Classroom.  Pacific  Palisades, 
California:  Goodyear  Publishing  Co.,  1976. 

This  book  will  help  the  teacher  deal  with  attitude  and 
value  activities  related  to  Earth  issues. 

Burkman,  Ernest;  Darrow,  Stewart  P.;  Redfield,  David  D.; 
and  Snyder,  William  R.  Crusty  Problems.  Morristown,  New 
Jersey:  Silver  Burdett,  1977. 

Crusty  Problems  is  aimed  at  ninth-grade  students,  is  activity 
centered,  and  covers  the  processes  that  shape  the  landscape  — 
mountains,  midlands,  and  shorelands.  A  number  of  the  inves¬ 
tigations  might  be  appropriate  if  the  materials  are  available. 

Earth  Science  Curriculum  Project  Pamphlet  Series.  Boston: 
Houghton  Mifflin  Company,  1971. 

The  following  titles  would  be  useful  with  this  minicourse: 
Field  Guide  to  Layered  Rocks  (PS-3),  Field  Guide  to  Plutonic 
and  Metamorphic  Rocks  (PS-5),  Field  Guide  to  Beaches  (PS-7), 
and  Field  Guide  to  Lakes  (PS-8). 

Moorbath,  Stephen.  "The  Oldest  Rocks  and  Growth  of  the 
Continents."  Scientific  American,  March,  1977,  pp.  92-104. 

This  advanced  discussion  of  the  theory  of  and  evidence  for 
the  evolution  of  Earth's  crust  is  suitable  for  the  teacher  and 
advanced  student. 


REFERENCES 
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Oakeshott,  Gordon  B.  Volcanoes  &  Earthquakes:  Geologic 
Violence.  New  York:  McGraw-Hill  Book  Company,  1976. 

This  book,  organized  around  case  histories  and  containing 
many  examples,  is  aimed  at  students  just  beginning  their  studies 
of  geology.  It  is  useful  for  most  students  as  a  supplement  for 
Activities  4,  5,  and  6.  It  contains  a  large  bibliography. 

O'Connor,  James,  and  Shugrue,  Sylvia  K.  "Symbols,  the  Language 
of  Maps."  Science  and  Children,  May,  1973,  pp.  18-20. 

This  article  discusses  ideas  about  making  and  understanding 
maps. 


_ .  "Reading  Contour  Maps  and  How  to  Survey  and 

Map  the  Schoolgrounds."  Science  and  Children,  October, 
1973,  pp.  12-17. 

This  article  contains  suggestions  for  making  and  using  top¬ 
ographic  maps.  Several  exercises  on  understanding  contour 
lines  are  included. 

Shelton,  John,  S.  Geology  Illustrated.  San  Francisco: 
W.H.  Freeman  and  Company,  1966. 

This  introduction  to  geology  is  profusely  illustrated  with 
photographs  for  each  topic  treated.  It  emphasizes  methods 
used  by  geologists  in  deciphering  the  geologic  history  recorded 
in  rocks  and  in  landscapes. 

Spilhaus,  Athelstan.  "New  Look  in  Maps  Brings  Out  Patterns 
in  Plate  Tectonics."  Smithsonian,  August,  1976,  pp.  54-62. 

This  general-interest  article  suggests  different  ways  of  look¬ 
ing  at  the  "Ring  of  Fire,"  using  different  map  projections.  It 
is  suitable  for  teachers  and  students. 

Thorarinsson,  Sigurdur.  "Surtsey:  Island  Born  of  Fire." 
National  Geographic,  May,  1965,  pp.  713-726. 

This  article,  illustrated  with  photographs,  gives  a  dramatic 
and  detailed  account  of  a  new  island  volcano  during  its  first 
few  months  of  activity. 

Young,  K.  Geology:  The  Paradox  of  Earth  and  Man.  Boston: 
Houghton  Mifflin  Company,  1975. 

This  resource  on  environmental  geology  is  appropriate  for 
teachers  and  advanced  students.  Chapters  9  through  11,  on 
geologic  hazards,  are  especially  relevant. 
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Tape  Script  for  Touch  the  Earth  (Activity  2) 


ANNOUNCER: 


SOUND: 

ANNOUNCER: 


SOUND: 


STORY  TELLER: 


[This  tape  requires  two  voices.  Use  one  male  and  one  female. 
Use  the  better  of  the  two  as  the  “Story  Teller. "  A  beep  and 
some  music  are  needed  as  noted  in  the  script.  All  instructions 
are  in  brackets,  including  critical  pronunciations.] 

This  tape  accompanies  the  ISIS  minicourse  Touch  the  Earth. 
Use  it  with  Activity  2,  which  you  should  have  in  front  of  you 
right  now.  There  are  many  stories  that  tell  about  the  formation 
of  the  planet  Earth.  You  may  have  heard  some  of  them.  You'll 
be  listening  now  to  one  person's  story  about  Earth.  The  story 
refers  to  figures  in  the  text  that  you  should  look  at  as  you  listen. 
And  from  time  to  time  a  beep  will  sound  like  this. 

[Beep] 

Whenever  you  hear  that  sound,  immediately  turn  off  your 
cassette  player.  In  your  notebook,  answer  the  question  or  ques¬ 
tions  just  mentioned  on  the  tape.  Base  your  answers  on  the  illus¬ 
trations  you've  been  looking  at  and  on  what  you've  heard  on  the 
tape.  As  soon  as  you  can,  get  back  to  the  tape  again.  It's  what  I 
call  an  “on-again-off-again-begin-again”  routine.  Got  it? 

Here's  that  teller  of  Earthly  Tales,  that  narrator  extraordinaire, 
that  relater  of  relevant  geological  revelations,  the  one  and  only 
Story  Teller. 

[Music  up.  Use  space-odyssey-type  music,  something  like  the 
opening  passage  to  “Also  Sprach  Zarathustra,"  the  symphonic 
work  by  Richard  Strauss.  As  the  Story  Teller  speaks,  the  music 
gradually  fades  out.] 

Just  because  you're  expecting  it,  I  won't  begin  with  “Once 
upon  a  time,”  though  that  would  be  a  good  beginning.  My  tale 
does  begin  a  long  time  ago  —  about  five  billion  years  ago.  I  was 
about  to  say  something  like  “dim,  dark  past.”  But  nobody  was 
there,  so  I  can't  be  sure  how  dim  or  dark  it  was.  Anyway,  I'm 
talking  about  a  very  long  time  ago.  It  was  a  time  of  many  begin¬ 
nings.  And  at  one  place  in  space,  what  was  soon  to  be  a  young 
star  —  and  eventually  Earth's  sun  —  was  still  mostly  a  swarm  of 
dust  particles.  Look  at  Figure  two  dash  one. 
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STORYTELLER: 


Note  how  the  star  I  spoke  of  gradually  formed.  Huge  numbers 
of  gas  particles  swirling  in  space  were  slowly  drawn  together  by  a 
force  similar  to  the  force  of  gravity.  And  as  this  star  that  became 
the  sun  was  forming,  smaller  objects  formed  near  it.  They  were 
too  small  to  become  other  suns.  But  they  were  the  right  size  to 
become  planets.  They  were  big  lumps  of  matter.  Some  were  giant 
and  made  of  the  gases  hydrogen  and  helium.  Some  were  smaller 
and  warmer,  and  these  formed  hard-surface  planets  composed  of 
rock  and  metals. 

There  are  several  theories  about  how  the  planet  Earth  was 
formed.  One  theory  says  that  before  Earth  became  rocky  and 
hard,  it  was  first  a  hot  liquid  ball. 

Look  at  Figure  two  dash  two.  The  picture  on  the  left  shows 
what  might  have  happened  inside  this  molten  planet.  [Pause 
briefly.] 

The  hot  liquid  or  molten  materials  moved  around.  Some  of 
these  materials  were  heavier  than  others.  The  heavier  materials  — 
mainly  the  elements  iron  and  nickel  —  moved  toward  the 
center  to  form  Earth's  core.  The  lighter  materials,  the  granitic 
[gra-N I  H-tik]  and  basaltic  [ba-SOL-tik]  type  rock,  sort  of  floated 
to  the  surface  to  form  the  crust.  The  picture  on  the  right  in 
Figure  two  dash  two  will  give  you  an  idea  of  how  a  cross  section 
of  Earth  would  look  today. 

Now  look  at  Figure  two  dash  three.  It  shows  a  cross  section  of 
part  of  Earth's  crust  as  it  is  now.  [Pause  briefly.]  Notice  how 
granitic  and  basaltic  type  rocks  form  the  crust.  The  crust  that 
lies  just  under  the  surface  rock  and  soil  of  the  continents  is  mostly 
granitic.  The  part  of  the  crust  that  lies  under  the  waters  and 
sediment  of  the  ocean  is  mostly  basaltic.  Earth's  crust  lies  on 
heavier,  denser  rock  called  the  mantle. 

When  the  beep  sounds,  stop  the  tape  and  answer  Questions 
two  dash  one  through  two  dash  four.  Also  use  your  hand  lens 
to  look  at  the  samples  of  gray  granite  and  basalt  [ba-SALT]  in 
your  Rock  Set. 

Return  to  the  tape  as  soon  as  you've  answered  those  questions. 
SOUND:  [Beep] 
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STORYTELLER: 


You  could  probably  answer  those  questions  fairly  easily  after 
listening  to  my  story  and  looking  at  the  illustrations.  So  let's  get 
on  with  it. 

During  the  next  several  million  years  after  Earth's  crust  was 
first  formed,  things  continued  to  happen.  Look  at  Figure  two 
dash  four.  Diagram  1  shows  that  water  vapor  condensed  to  make 
the  oceans.  Running  water  caused  Earth's  surface  to  change  slowly, 
very  slowly,  as  millions  of  years  passed. 

Look  at  Diagram  2  in  Figure  two  dash  four.  [Pause  briefly.] 
Mountains  were  gradually  worn  away  to  form  thick  layers  of 
sediments  under  the  ocean.  Now  look  at  Diagram  3.  Sections  of 
Earth's  crust  slowly  moved  up  and  down  and  sideways  along 
cracks  in  the  crust.  These  movements  caused  the  sediment  layers 
to  be  lifted  and  folded,  making  new  mountains.  [Pause  briefly.] 
At  times,  streams  of  molten  matter  were  pushed  to  Earth's 
surface,  as  other  streams  of  heavier  matter  sank  toward  the  center 
of  Earth.  On  a  smaller  scale,  similar  things  are  seen  today  in  active 
volcanoes,  such  as  the  one  in  Figure  two  dash  five. 

Earth's  crust  is  constantly  changing  even  now.  You  don't  notice 
the  changes  much  because  they  usually  happen  very  slowly,  com¬ 
pared  with  how  fast  you  move  and  how  fast  your  life  goes  by.  It 
takes  tens  of  thousands  of  lifetimes  for  a  mountain  range  to  form. 
But  if  you've  ever  seen  an  active  volcano  or  experienced  an  earth¬ 
quake,  you're  aware  of  the  processes  of  change  that  are  still  go¬ 
ing  on. 

The  result  of  all  these  changes  is  that  the  different  kinds  of 
materials  in  Earth's  crust  get  moved  around.  Stop  the  tape  at  the 
beep,  and  answer  Questions  two  dash  five  and  two  dash  six.  Return 
to  the  tape  as  soon  as  you've  finished. 

SOUND:  [Beep] 
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STORY  TELLER: 


Welcome  back.  I'm  still  discussing  the  changing  face  of  Earth. 
Not  only  is  the  crust  still  changing  by  the  uplifting  and  folding 
of  surface  rocks  into  mountains,  but  another  interesting  change  is 
thought  to  have  been  happening.  The  whole  crust  has  been  —  and 
is  —  slowly  moving.  Some  of  the  crust,  you  remember,  is  below 
the  oceans.  And  some  of  the  crust  sticks  out  above  the  oceans. 
The  parts  of  the  crust  that  rise  above  the  oceans  are  called 
continents.  The  rocks  that  make  up  Earth's  crust  are  relatively 
light.  They  sit  piggyback  or  float  on  heavier,  denser  material 
called  the  mantle. 

Look  at  Figure  two  dash  six  now.  Most  scientists  believe  that 
all  the  continents  were  once  a  single,  huge  landmass.  It  may  have 
looked  something  like  what  you  see  on  the  top  map  in  Figure  two 
dash  six.  Scientists  believe  that  about  two  hundred  million  years 
ago,  this  huge  mass  started  to  separate.  The  pieces  began  to  move 
away  from  each  other,  forming  separate  continents.  The  sequence 
of  maps  in  Figure  two  dash  six  shows  what  probably  happened. 
For  the  past  two  hundred  million  years,  these  continental  blocks 
have  moved  —  to  make  the  Pacific  Ocean  smaller  and  the  Atlantic 
Ocean  bigger.  Right  now,  the  North  American  continent  is  drifting 
toward  Japan  at  a  rate  of  several  centimetres  a  year.  Earthquakes 
happen  especially  often  where  sections  of  Earth's  crust  are  sliding 
past  each  other  or  colliding.  But  you  can't  notice  the  drifting 
because  it  happens  so  slowly.  Now  turn  off  the  tape  again  and 
answer  Questions  two  dash  seven,  two  dash  eight,  and  two  dash 
nine. 

SOUND:  [Beep] 
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STORY  TELLER: 


Having  answered  Question  two  dash  nine,  you're  now  on  the 
homestretch.  Speaking  geologically, time's  really  passing  fast.  At 
this  moment  in  my  story,  you're  entering  the  most  recent  glacial 
period.  It  began  two  to  three  million  years  ago.  Glaciers  are  huge 
masses  of  ice.  They  form  when  the  climate  is  cooler  —  when  more 
snow  accumulates  in  winter  than  melts  in  summer. 

During  the  last  glacial  period,  glacial  ice  sheets  covered  almost 
one-third  of  the  world's  land  surface  —  in  Europe,  North  America, 
and  Antarctica.  But  slowly  the  climate  warmed,  and  the  ice  sheets 
started  melting.  Except  for  small  mountain  glaciers,  only  those 
around  the  poles  and  on  Greenland  remain  today.  These  "ice 
caps"  are  more  than  three  kilometres  thick  in  some  places. 

Figure  two  dash  seven  shows  that  the  last  glacial  sheets  came 
far  south  on  the  North  American  continent.  As  the  ice  sheets 
moved  slowly  down  from  the  North,  they  acted  as  huge  scrapers. 
They  carried  and  dragged  great  masses  of  rock  and  debris.  In  fact, 
they  were  responsible  for  some  of  the  sand  and  gravel  deposits 
found  on  Earth  today.  This  is  shown  in  Figure  two  dash  eight. 

As  rock  was  dragged  along,  some  of  it  was  crumbled  and  worn 
into  smaller  and  smaller  particles.  Eventually,  it  became  gravel 
and  sand.  Then,  as  the  climate  warmed  a  little,  the  ice  sheets 
began  to  melt.  In  some  parts  of  Canada  and  the  northern  United 
States,  rocks,  gravel,  and  sand  were  left  behind,  forming  hills  of 
glacial  drift.  At  the  same  time,  the  melting  ice  formed  streams 
and  rivers.  These  streams  and  rivers  carried  the  smaller  rocks, 
gravel,  and  sand  away  from  where  the  ice  left  them,  eventually 
depositing  them.  Now,  it's  time  for  you  to  stop  the  tape  to 
answer  Question  two  dash  ten. 

SOUND:  [Beep] 
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Up  to  now,  you've  been  getting  the  big  picture  —  the  planets, 
the  continents,  the  glaciers.  Now,  let's  take  a  closer  look  at  the 
rocks  that  make  up  the  continents  —  and  the  ground  you  walk 
on.  For  more  than  four  billion  years,  planet  Earth  has  been 
changing.  Continents  have  been  drifting  and  glaciers  sliding. 
Rocks  have  formed  and  re-formed  and  moved  from  one  place 
to  another. 

Rocks  are  put  into  categories  based  on  their  origins  —  on  how 
they  were  formed.  You  can  see  from  Figure  two  dash  nine  that 
there  are  three  basic  kinds  of  rocks  —  igneous  [IG-ne-as],  sedi¬ 
mentary  [sed-e-MENT-e-re] ,  and  metamorphic  [met-a-MOR-fik] . 
This  figure  also  suggests  that  the  three  kinds  of  rocks  are  related 
to  each  other.  You'll  hear  how  in  a  few  moments. 

Use  your  hand  lens  now  to  look  closely  at  the  rocks  in  your 
Rock  Set,  while  I  describe  how  each  type  is  formed.  Igneous 
rocks,  such  as  granite,  gabbro  [GAB-ro] ,  basalt,  and  rhyolite 
[ R  l-a-l it] ,  are  the  most  common  kinds  in  Earth's  crust.  The  word 
igneous  might  make  you  think  of  the  word  ignite.  That's  a  very 
good  name  because  igneous  rocks  are  formed  from  very  hot, 
melted  rock  from  the  bottom  side  of  Earth's  thin  crust.  Figure 
two  dash  ten  shows  you  how.  [Pause  briefly.] 

The  hot,  melted  rock  called  magma  [MAG-m.a]  moves  up 
toward  the  surface.  Magma  may  sort  of  "eat"  its  way  upward, 
or  it  may  squeeze  through  cracks  and  between  layers  in  the  upper 
rocks.  The  magma  slowly  cools  and  becomes  solid  underground. 
The  gray  granite  sample  you  have  was  formed  this  way.  The 
sparkling  mineral  crystals  in  this  igneous  rock  are  a  clue  that  they 
were  formed  underground.  Sometimes,  the  hot  magma  rises 
through  holes  and  cracks  to  the  surface  and  flows  out.  Then, 
there  is  a  volcanic  eruption.  Magma  that  reaches  the  surface  is 
called  lava.  As  soon  as  lava  reaches  the  air,  ground,  or  water,  it 
begins  to  harden  into  igneous  rocks.  The  rhyolite  and  basalt  that 
you  have  were  formed  from  lava.  The  mineral  crystals  are  much 
smaller  in  these  rocks,  since  they  cooled  relatively  fast,  compared 
to  the  granite  and  the  gabbro.  [Pause  briefly.] 
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Now  look  at  the  sequence  of  illustrations  in  Figure  two  dash 
eleven.  This  sequence  shows  how  another  type  of  rock,  called 
sedimentary ,  is  formed.  You  have  samples  of  sedimentary  rocks 
in  your  Rock  Set  —  conglomerate,  limestone,  and  sandstone. 

Diagram  1  in  Figure  two  dash  eleven  shows  the  way  that  rain 
and  rivers  and  ice  wear  away  rocks  —  even  whole  mountains  of 
rock.  This  process  is  called  erosion.  As  you  see  in  Diagram  2,  the 
worn-away  rock  particles  settle  out,  forming  sediment.  In  Diagram 
3,  more  and  more  particles  are  washed  down  and  settle,  forming 
layers  of  sediment  —  one  on  top  of  the  other.  Eventually,  as  more 
and  more  layers  form,  the  bottom  layers  become  compressed  and 
cemented  into  sedimentary  rocks.  [Pause  briefly.] 

Look  at  Figure  two  dash  twelve.  As  Earth's  crust  slowly 
changes  —  moving,  uplifting,  and  folding  —  the  rocks  making  up 
the  crust  may  be  changed.  Figure  two  dash  thirteen  is  an  enlarge¬ 
ment  of  a  region  in  which  a  third  type  of  rock  is  being  formed. 
This  third  type  is  called  metamorphic,  which  means  "changed  in 
form."  Where  two  parts  of  the  crust  are  colliding,  near  the  right 
of  the  figure,  layers  of  rock  are  folded  and  cracked  under  very 
high  pressure.  Where  melted  rock  is  being  forced  towards  the 
surface,  as  in  a  volcano,  nearby  rock  may  be  very  strongly  heated. 
This  high  heat  and  pressure  can  make  the  original  igneous  and 
sedimentary  rock  harder  and  more  crystalline.  Two  metamorphic 
rocks  that  you  have  in  your  Rock  Set  are  marble  and  quartzite. 
These  are  simply  changed  forms  of  limestone  and  sandstone  — 
sedimentary  rocks.  The  third  metamorphic  rock  in  your  Rock 
Set  is  gneiss  [NIS] .  It  is  a  changed  form  of  granite  —  an  igneous 
rock. 
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Rocks  may  seem  permanent  to  you.  But  during  thousands  and 
millions  of  years,  they  do  change  quite  a  bit  —  from  one  form  into 
another.  But  again,  as  shown  in  Figure  two  dash  nine,  each  of  the 
three  types  of  rock  can  be  made  into  the  other  types.  Igneous 
and  metamorphic  rocks  buried  deep  in  the  crust  can  be  exposed 
and  worn  away  by  erosion  and  eventually  become  sedimentary 
rocks.  This  happens  as  the  surface  is  exposed  to  wetting  and 
drying,  to  heating  and  cooling,  and  to  rain,  ice,  and  waves  for 
millions  of  years. 

All  three  kinds  of  rocks  are  sometimes  buried  by  giant  folds  of 
the  crust.  Or  they  may  be  buried  when  the  crust  sinks  and  sedi¬ 
ment  accumulates  on  top  of  them.  If  the  rocks  are  buried  deep 
enough,  they  will  change  because  of  the  heat  and  pressure.  They 
will  form  metamorphic  rocks.  If  they  are  buried  even  deeper,  the 
heat  and  pressure  will  cause  them  to  melt.  If  the  liquid  rock  then 
hardens,  new  igneous  rock  has  been  formed. 

So,  you  may  pick  up  a  piece  of  sedimentary  rock,  such  as  sand¬ 
stone  or  a  sand  grain  on  a  beach,  that  thousands  or  millions  of 
years  ago  was  a  crystal  of  quartz  in  a  metamorphic  rock.  And 
before  that,  the  quartz  crystal  may  have  been  a  part  of  an  igneous 
rock.  And  before  that,  it  may  have  been  formed  from  an  ancient 
sedimentary  rock. 

Well,  that's  it.  You  now  know  a  few  of  the  highlights  of  one 
version  of  Earth's  history.  You've  heard  my  Earthly  Tale  from 
Earth's  very  shaky  beginning,  when  this  planet  was  nothing  more 
than  a  hot  ball  of  gases.  You've  followed  this  story  through  the 
many,  many  changes  that  occurred  before  Earth  became  the  place 
you  know  today. 

After  many  ice  ages  and  two  hundred  million  years  of  conti¬ 
nental  drifting,  you'd  think  the  planet  would  quiet  down.  Not  so! 
You  can  expect  Earth  to  continue  to  change  —  to  have  many  more 
earthquakes  and  volcanic  eruptions.  And  let  me  leave  you  with 
this  chiller  —  there  may  even  be  another  ice  age  in  the  next  few 
thousand  years  or,  perhaps  —  sooner! 

Thank  you,  Wise  Story  Teller.  That  brings  you  to  the  end  of 
the  tape  that  accompanies  Touch  the  Earth.  At  the  sound  of  the 
beep,  rewind  the  tape.  Then  return  to  Activity  2  and  complete 
the  remaining  two  questions. 

[Beep] 

[END  OF  SCRIPT] 
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FOREWORD 


Evidence  has  been  mounting  that  something  is  missing  from 
secondary  science  teaching.  More  and  more,  students  are  rejecting 
science  courses  and  turning  to  subjects  that  they  consider  to  be 
more  practical  or  significant.  Numerous  high  school  science 
teachers  have  concluded  that  what  they  are  now  teaching  is  appro¬ 
priate  for  only  a  limited  number  of  their  students. 

As  their  concern  has  mounted,  many  science  teachers  have  tried 
to  find  instructional  materials  that  encompass  more  appropriate 
content  and  that  allow  them  to  work  individually  with  students  who 
have  different  needs  and  talents.  For  the  most  part,  this  search  has 
been  frustrating  because  presently  such  materials  are  difficult,  if 
not  impossible,  to  find. 

The  Individualized  Science  Instructional  System  (ISIS)  project 
was  organized  to  produce  an  alternative  for  those  teachers  who  are 
dissatisfied  with  current  secondary  science  textbooks.  Conse¬ 
quently,  the  content  of  the  ISIS  materials  is  unconventional  as  is  the 
individualized  teaching  method  that  is  built  into  them.  In  contrast 
with  many  current  science  texts  which  aim  to  “cover  science,’’  ISIS 
has  tried  to  be  selective  and  to  limit  our  coverage  to  the  topics  that 
we  judge  will  be  most  useful  to  today’s  students. 

Obviously  the  needs  and  problems  of  individual  schools  and 
students  vary  widely.  To  accommodate  the  differences,  ISIS  de¬ 
cided  against  producing  tightly  structured,  pre-sequenced  text¬ 
books.  Instead,  we  are  generating  short,  self-contained  modules 
that  cover  a  wide  range  of  topics.  The  modules  can  be  clustered 
into  many  types  of  courses,  and  we  hope  that  teachers  and  ad¬ 
ministrators  will  utilize  this  flexibility  to  tailor-make  curricula  that 
are  responsive  to  local  needs  and  conditions. 

ISIS  is  a  cooperative  effort  involving  many  individuals  and  agen¬ 
cies.  More  than  75  scientists  and  educators  have  helped  to 
generate  the  materials,  and  hundreds  of  teachers  and  thousands 
of  students  have  been  involved  in  the  project’s  nationwide  testing 
program.  All  of  the  ISIS  endeavors  have  been  supported  by 
generous  grants  from  the  National  Science  Foundation.  We  hope 
that  ISIS  users  will  conclude  that  these  large  investments  of  time, 
money,  and  effort  have  been  worthwhile. 


Ernest  Burkman 
ISIS  Project 
Tallahassee,  Florida 
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WHAT'S  IT  ALL  ABOUT? 


Mountains,  valleys,  rivers,  beaches,  and  canyons  are  part  of 
Earth.  Glaciers,  earthquakes,  and  volcanoes  are  too.  What  makes 
a  mountain?  Why  are  volcanoes  and  earthquakes  important?  Do 
sand  dunes  really  move?  How  does  the  sand  collect  on  a  beach? 
How  are  rocks  formed?  Those  and  lots  of  other  questions  about 
Earth  are  answered  in  this  minicourse. 


ACTIVITY  1:  PLANNING 

If  you  plan  to  do  Activity  2,  do  it  right 
after  you  finish  this  activity.  If  you  plan 
to  do  Activity  9,  do  it  when  you've 
finished  the  other  core  activities.  The 
remaining  core  activities  may  be  done  in 
any  order. 

Activity  2  Page  5 

Objective  2-1:  Describe  how  metamor- 
phic,  igneous,  and  sedimentary  rocks  are 
formed. 


Activity  3  Page  13 

Objective  3-1:  Describe  how  movement 
within  Earth's  crust  forms  fold  mountains, 
domes,  block  mountains,  and  volcanoes, 
and  identify  examples  of  each  feature. 

Sample  Question:  What  are  fold  moun¬ 
tains  the  result  of? 

A.  Up-and-down  movement  along  a  fault 

B.  Compression  (squeezing)  in  Earth's 
crust 

C.  Upward  pushing  of  material  that  does 
not  completely  break  through  Earth's 
crust 

D.  Upward  pushing  of  material  that 
breaks  through  the  surface  of  Earth's 
crust 


Sample  Question: 

with  the  statement 

Rock  Type 

A.  Metamorphic 
(slate,  for  ex¬ 
ample) 

B.  Sedimentary 
(shale,  for  ex¬ 
ample) 


Match  the  rock  type 
about  its  origin. 

Origin 

1.  formed  by  high 
pressure  and  heat 
acting  on  rocks 

2.  formed  when 
melted  rock  cools 

3.  formed  by  micro¬ 
organisms  in  the 
sea 

4.  formed  by  hard¬ 
ening  of  layers  of 
materials 


Activity  4  Page  19 

Objective  4-1 :  Tell  what  causes  volcanoes, 
and  describe  typical  effects  of  volcanic 
action. 

Sample  Question :  What  are  volcanoes  the 
result  of? 

A.  Movement  of  rock  along  a  fault 

B.  Movement  of  melted  rock  through 
openings  in  Earth's  crust 

C.  Heat  created  when  a  meteorite  hits 
Earth 

D.  Underground  fires  from  the  burning  of 
deep  coal  deposits 
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Activity  5  Page  22 

Objective  5-1:  Tell  what  causes  earth¬ 
quakes,  and  describe  their  effects  and  the 
way  they  are  detected. 

Sample  Question:  What  are  earthquakes 
caused  by? 

A.  Earth  splitting  apart 

B.  Sudden  movements  of  Earth's  crust 
along  faults 

C.  Wobbling  when  Earth  rotates 

D.  The  collapse  of  large  caves  deep  under¬ 
ground 


Activity  6  Page  31 

Objective  6-1:  Locate  areas  of  volcanic 
activity  and  earthquakes  on  a  map  of  the 
world. 

Sample  Question:  Look  carefully  at  the 
map  below.  Which  letters  on  the  map  are 
located  in  areas  of  volcanic  activity  and 
earthquakes? 


Answers:  2-1.  A1,  B4;  3-1.  B;  4-1.  B; 
5-1.  B;  6-1.  A,  D,  E 
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Activity  7  Page  36 

Objective  7-1 :  Describe  how  moving 
water  creates  gorges,  V-shaped  canyons, 
and  floodplain  valleys. 


Activity  8  Page  40 

Objective  8-1 :  Describe  how  sand  dunes, 
beaches,  and  spits  are  formed. 


Sample  Question:  Match  each  sand  mass 
with  the  process  by  which  it  is  formed. 
(Answers  may  be  used  more  than  once.) 
Sand  Mass 


A.  Sand  dune 

B.  Sand  spit 

C.  Sandy 
beach 


Process 

1 .  wind  action 

2.  glacier  action 

3.  waves  and  near¬ 
shore  current 
action 


Activity  9  Page  44 

Objective  9-1:  Describe  lakes,  drumlins 
and  till,  and  explain  their  origin. 


Sample  Question:  How  does  moving 

water  mainly  create  gorges? 

A.  By  relatively  fast  down-cutting  by  a 
fast-flowing  stream 

B.  By  relatively  fast  widening  of  a  valley 
by  erosion  of  its  walls 

C.  By  relatively  fast  filling  of  a  valley 
with  eroded  rock  materials 

D.  By  relatively  fast  river  movement  dur¬ 
ing  an  earthquake 

Objective  7-2:  Describe  how  a  glacier 

creates  U-shaped  valleys. 

Sample  Question:  How  does  a  glacier 

make  a  U-shaped  valley? 

A.  By  gouging  the  valley  out  of  solid  rock 

B.  By  scouring  out  a  preexisting  gorge  or 
V-shaped  canyon 

C.  By  filling  in  a  floodplain  valley 

D.  By  depositing  rocky  material  in  the 
V-shaped  canyon 


Sample  Question:  Tell  whether  the  fol¬ 
lowing  statement  is  true  or  false.  Natural 
lakes  may  be  formed  by  earthquakes, 
landslides,  and  glaciers. 

Objective  9-2:  Distinguish  between  a 
description  of  a  landscape  feature  and  the 
explanation  of  its  origin. 

Sample  Question:  Tell  whether  each  of 
the  following  is  a  description  of  a  lake  or 
an  explanation  of  a  lake's  origin. 

A.  A  lake  is  a  body  of  water  surrounded 
by  land,  except  possibly  for  an  inlet 
and  an  outlet. 

B.  Some  lakes  result  from  landslides  that 
block  rivers. 


Answers:  7-1.  A;  7-2.  B;  8-1.  A1,  B3, 
C3;  9-1.  True;  9-2.  A.  Description, 

B.  Explanation  of  origin 
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ACTIVITY  2:  AN  EARTHLY  TALE 


How  was  Earth  formed?  Why  are  there  mountains  and  valleys? 
Why  are  there  so  many  kinds  of  rocks?  Not  everyone  agrees  on 
the  answers  to  these  questions.  To  find  out  about  one  theory, 
you'll  need  the  following  items. 

hand  lens 

Rock  Set  for  Activity  2 

cassette  player 

cassette  tape  for  Touch  the  Earth 

Keep  your  minicourse  open  to  this  activity  as  you  listen  to  the 
tape.  Be  prepared  to  stop  the  tape  and  write  in  your  notebook 
answers  to  questions  when  you're  told  to  do  so.  Now  start  your 
cassette  player,  and  listen  to  this  earthly  tale. 


ACTIVITY  EMPHASIS:  The  stu¬ 
dent  is  given  one  theory  about 
Earth's  formation,  with  emphasis 
on  the  continual  change  and  re¬ 
location  that  takes  place  in 
Earth's  crust.  This  leads  to  a  dis¬ 
cussion  of  the  gross  formation 
processes  of  the  three  major  rock 
types  found  in  Earth's  crust. 

MATERIALS  PER  STUDENT 
LAB  GROUP:  See  tables  in  "Ma¬ 
terials  and  Equipment"  in  ATE 
front  matter.  See  "Advance  Prep¬ 
arations"  in  ATE  front  matter. 


One  theory  about  how  the  sun 
and  planets  formed 


Figure  2-1 
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crust 


Movements  inside  the  molten  planet 


Earth  as  it  is  today 


Figure  2-2 


Figure  2-3 


2-1 .  Iron  and  nickel 


•  2-1.  What  are  the  heavy  elements  thought  to  form  Earth's  core? 


2-2.  Granitic  and  basaltic  rock 

2-3.  Under  the  continents,  the 
crust  is  granitic  rock  over  basaltic 
rock.  Under  the  ocean  basins,  it 
is  just  basaltic  rock. 

2-4.  [Answers  will  vary.  The 
main  difference  is  color.  Basalt 
is  dark,  partly  because  it  contains 
more  dark  minerals  such  as 
pyroxene,  whereas  gray  granite 
is  light,  being  composed  mostly 
of  glassy  white  feldspar  and 
quartz.  Students  may  also  men¬ 
tion  the  presence  of  crystals  in 
granite.] 


•  2-2.  What  kinds  of  rock  rose  to  the  surface  to  form  Earth's 
crust? 

•  2-3.  Flow  is  the  crust  under  the  continents  different  from  the 
crust  under  the  ocean  basins? 

•  2-4.  Granite  is  the  most  common  granitic  rock  exposed  on  the 
continents.  Basalt  is  the  most  common  basaltic  rock  found  on 
the  sea  floor.  Use  your  hand  lens  to  look  at  samples  of  gray 
granite  and  basalt  now.  How  are  these  types  of  rock  different? 

Now  turn  on  the  tape  again. 
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3.  A  few  more  million  years  later 


Figure  2-4 
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Figure  2-5 

2-5.  Mountains  were  pushed  up, 
eroded  away,  and  then  formed 
again. 


2-6.  There  are  volcanoes  and 
earthquakes  today. 


•  2-5.  How  did  Earth's  crust  change  after  it  was  formed? 

•  2-6.  What  evidence  is  there  that  Earth  is  still  changing? 
Turn  on  the  tape  again. 


Figure  2-6 
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•  2-7.  According  to  Figure  2-6  (page  8),  in  what  direction  did  2-7.  west 
North  America  seem  to  drift? 

•  2-8.  What  is  happening  to  the  continents  today  in  terms  of  2-8.  They  are  stiii  drifting, 
drifting? 

•  2-9.  Why  don't  you  notice  what  is  happening?  2-9.  it  is  happening  too  siowiy. 


Turn  on  the  tape  again. 
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Figure  2-8 


2-10.  In  Canada  and  the  north¬ 
ern  United  States 


•  2-10.  Besides  coastal  areas,  where  in  North  America  would  you 
expect  to  find  large  sand  and  gravel  deposits? 


Now  turn  on  the  tape  again. 


Figure  2-9 
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Figure  2-10 


SEDIMENTARY  ROCKS 


Figure  2-1 1 
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METAMORPHIC  ROCKS 


2-11.  Igneous,  sedimentary,  and 
metamorphic 

2-12.  Sedimentary  rock  forms 
when  erosion  of  other  rocks 
takes  place.  Then  the  sediment 
builds  up  in  layers  that  harden. 
Igneous  rock  forms  when  melted 
rock  cools  and  hardens.  Meta¬ 
morphic  rock  forms  when  other 
rocks  are  buried  and  then  squeezed 
and  changed  into  new  forms  by 
pressure  and  heat. 


Metamorphic  rocks  form 


Figure  2-13 

•  2-11.  What  are  the  three  major  types  of  rocks  found  in  Earth's 
crust? 

5^2-12.  How  is  each  of  the  three  major  types  of  rocks  formed? 
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ACTIVITY  3:  LAND  UPLIFTERS 


Scientists  think  there  has  been  enough  time  with  enough 
power  —  from  rivers,  waves,  and  glaciers  —  to  make  the  con¬ 
tinents  completely  flat.  But  that  has  not  happened!  Some  places 
in  North  America  have  elevations  of  more  than  six  thousand 
metres.  Look  at  the  photographs  in  Figure  3-1  below. 


ACTIVITY  EMPHASIS:  Four 

different  processes  are  responsible 
for  land  uplift:  (1)  compression, 
(2)  block  faulting,  (3)  upward 
pushing  of  material  that  does  not 
break  through  Earth's  crust  com¬ 
pletely,  and  (4)  upward  pushing 
of  material  that  does  break 
through  Earth's  crust. 


Appalachian  Mountains 


Mt.  Shasta  (elevation  4426  m) 


Rocky  Mountains 


Sierra  Nevada  (largest  moun¬ 
tain  range  in  United  States) 


Figure  3-1 

Use  Figure  3-1  above  to  decide  how  you  would  define  mountain. 


MATERIALS  PER  STUDENT 
LAB  GROUP:  See  tables  in  "Ma¬ 
terials  and  Equipment"  in  ATE 
front  matter.  See  "Advance  Prep¬ 
arations"  in  ATE  front  matter. 
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3-1.  [Answers  will  vary.  Students 
may  mention  that  mountains  are 
made  of  rock,  that  they  have  ir¬ 
regular  shapes,  or  that  they  rise 
above  a  flat  landscape.] 


•  3-1.  What  is  a  mountain? 

The  fact  that  mountains  exist  means  that  something  has  hap¬ 
pened  to  Earth's  crust.  The  crust  may  have  been  pushed  up  from 
underneath.  Or  the  crust  may  have  been  squeezed  so  that  big 
wrinkles  formed.  Or  some  stuff  from  underneath  may  have  been 
squirted  up  to  make  a  big  pile.  Or  the  crust  may  have  cracked, 
and  one  side  of  the  break  may  have  moved  up  higher  than  the 
other  side.  Those  are  the  four  ways  that  land  can  be  uplifted. 

In  most  cases,  the  uplifting  is  a  very,  very  slow  process  — 
whichever  way  it  happens.  Usually,  you  cannot  see  anything 
happening.  You  can  see  only  the  results. 

Erosion  and  the  four  different  ways  of  uplifting  cause  four  dif¬ 
ferent  kinds  of  features,  as  shown  in  Figure  3-2  below.  The  map 
there  shows  you  where  examples  of  each  kind  are  located. 


VOLCANO 

Melted  rock  from  underground 
is  forced  through  the  surface. 
Volcanoes  may  be  cone  or 
dome  shaped.  Mt.  Shasta  and 
Mt.  Rainier  are  examples. 


BLOCK  MOUNTAINS 
The  crust  was  cracked.  Huge  blocks  moved 
up  and  down.  They  are  typically  steep  on 
one  side  and  gentle  on  other.  The  Sierra 
Nevada  and  the  Palisades  are  examples. 


DOME 

The  crust  pushed  up  from 
underneath.  Erosion  leaves 
ridges  around  the  dome  area. 
The  Adirondacks  and  the  Black 
Hills  are  examples. 


FOLD  MOUNTAINS 

The  surface  was  squeezed  into  wrinkles. 
Erosion  leaves  long  mountain  ridges.  The 
Ouachitas  and  the  Appalachian  Ridges  are 
examples. 


Figure  3-2 
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•  3-2.  How  are  the  shapes  of  each  of  the  four  kinds  of  features 
different? 

You  can  model  these  uplifting  processes.  You  will  need  the 
following  materials. 


3-2.  Volcanoes  are  cone  or  dome 
shaped.  Domes  have  ridges 
around  them.  Fold  mountains 
have  long  ridges.  Block  mountains 
are  steep  on  one  side  and  gentle 
on  the  other. 


A. With  the  wood  cylinder, 
roll  out  each  different-colored 
piece  of  clay  to  a  thickness  of 
about  y2  cm.  Cut  each  flat 
piece  into  four  rectangles. 
Each  rectangle  should  be  about 
8  cm  X  10  cm. 


4  hunks  of  modeling  clay,  each  a  different  color 
wood  cylinder,  25  cm  long  with  a  5-cm  diameter 
knife 

2  small  wood  blocks 
golf  ball 
marble 


B.  Make  four  stacks  of  clay. 
Every  stack  should  have 
four  layers,  each  a  different 
color. 


C.  Put  one  stack  of  clay  be¬ 
tween  two  blocks  of  wood. 
Hold  one  block  of  wood 
steady.  Press  the  clay  to¬ 
gether  with  the  other  block 
of  wood  as  hard  as  you  can. 
This  squeezing,  or  pushing 
together,  is  called  compression. 


•  3-3.  What  happened  when  you  compressed  the  clay? 


3-3.  It  wrinkled. 
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3-4.  Fold  mountains 


•  3-4.  Look  back  at  Figure  3-2  (page  14).  Which  of  the  four  fea¬ 
tures  resembles  the  model  you  just  made? 


Jiggle  the  wood  block 


Cut  clay  at 

V  an  angle.  /~ 

D.  Using  the  second  stack  of 
clay,  make  a  single,  angled  cut 
through  all  the  layers.  This 
cut  represents  a  fault  —  a 
region  of  weakness  in  the 
rock  layers. 


E.  Put  one  of  the  wood  blocks 
under  one  part  of  the  clay. 
Jiggle  the  wood  block  until 
the  cut  surfaces  move  apart. 
This  up-and-down  movement 
is  called  block  faulting. 


3-5.  Block  mountains  •  3-5.  Which  of  the  four  features  in  Figure  3-2  (page  14)  started 

to  be  formed  by  up-and-down  movements  along  faults? 

3-6.  You  must  push  it  down.  0  3-6.  What  must  you  do  to  the  center  piece  in  the  stack  to 

make  it  look  more  like  the  example  in  Figure  3-2  (page  14)? 

Squeezing  the  crust  —  compression  —  forms  fold  mountains. 
Up-and-down  movement  along  faults  forms  block  mountains. 
Those  are  two  ways  that  mountains  can  be  formed. 

Domes  and  volcanoes  are  formed  in  two  other  ways.  Both 
ways  involve  material  in  the  deep  part  of  Earth's  crust  being 
pushed  upward. 


F.Push  the  golf  ball  into  the 
third  stack  of  clay  layers. 
But  don't  push  it  all  the  way 
through. 
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•  3-7.  Which  kind  of  feature  does  this  stack  of  layers  represent? 
(Look  at  Figure  3-2,  page  14,  if  you  need  to.) 


3-7.  Domes 


G.For  the  fourth  stack  of 
layers,  use  the  marble.  Imagine 
that  the  marble  is  liquid. 
Push  it  all  the  way  through 
the  four  layers. 


•  3-8.  Which  of  the  four  features  does  the  fourth  stack  represent? 


3-8.  Volcanoes 


Suppose  the  marble  were  really  a  liquid  and  you  could  push  it 
through  the  layers  of  clay.  The  liquid  would  then  spill  out  of  the 
cracks  and  run  down  the  sides  of  the  little  mountain  you  formed. 

-9.  Now  look  at  Figures  3-3  through  3-6  (below  and  page  18). 
Match  them  to  the  four  different  kinds  of  features.  Use  one  of 
the  words  —  dome,  volcano,  fold,  or  block  —  for  each  pair  of 
photographs.  (Hint:  Remember  your  clay  models.) 


3-9.  Figure  3-3,  block;  Fig¬ 
ure  3-4,  volcano;  Figure  3-5, 
dome;  Figure  3-6,  fold 


Frenchman  Mountain, 
Nevada 


'  Sierra  Nevada, 
California 


Figure  3-3 
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3-10.  Block 


3-10.  Which  kind  of  mountain  is  formed  by  up-and-down 
movements  at  faults? 


3-11.  Fold 


3-12.  Dome;  volcano 


3-11.  Which  kind  of  mountain  is  formed  by  compression? 


3-12.  Which  kind  of  feature  is  caused  by  upward  pushing  of 
material  that  does  not  break  through  the  surface?  That  does 
break  through  the  surface? 
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ACTIVITY  4:  VOLCANOES 

Volcanoes  are  probably  as  old  as  Earth.  They  are  part  of  the 
natural  change  processes  of  the  planet.  For  billions  of  years, 
they  have  contributed  huge  amounts  of  water  and  carbon  diox¬ 
ide  and  other  gases  to  Earth's  atmosphere.  And  they  are  an  im¬ 
portant  factor  in  the  growth  of  continents. 


ACTIVITY  EMPHASIS:  Vol¬ 

canoes  erupt  when  molten  rock 
beneath  Earth's  crust  is  forced 
toward  the  surface  and  released 
through  cracks  or  weak  places. 
Eruptions  produce  volcanic  rocks, 
discharge  gases  and  dust,  alter 
landscape  features,  and  may 
damage  property  and  people. 

MATERIALS  PER  STUDENT 
LAB  GROUP:  See  tables  in  "Ma¬ 
terials  and  Equipment"  in  ATE 
front  matter.  See  "Advance  Prep¬ 
arations"  in  ATE  front  matter. 


When  they  erupt,  volcanoes  have  four  effects  that  can  be 
important  to  people.  Study  Figure  4-1  below  to  find  out  what 
these  effects  are. 


Gases  and 
dust  enter  the 
atmosphere. 


Landscape  features 
are  changed. 


Damage  to  property  and  people  may  occur 


Figure  4-1 

&4-1  .  What  are  four  effects  of  volcanic  eruptions? 

A  volcano  is  cal  led  acf/Ve  if  it  has  erupted  at  least  once  in  about 
the  last  five  thousand  years.  (That's  about  as  long  as  history  has 
been  recorded.)  There  are  five  hundred  to  six  hundred  active 
volcanoes  known  in  the  world.  There  may  be  more  hidden  un¬ 
der  the  seas. 


4-1.  Production  of  volcanic  rocks, 
emission  of  gases,  changes  in  land¬ 
scape,  and  possible  damage  to 
property  and  people 
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Study  Figure  4-2  below.  It  tells  the  location  of  some  of  the 
most  famous  active  volcanoes.  You  will  also  find  some  other 
details  about  those  volcanoes. 


SOME  ACTIVE  VOLCANOES 

Volcano 

Name 

Location 

Start  of  Activity 

Rate  of 
Activity 

Casualties 

Mt.  St. 
Helens 

Washington  State 

more  than  2400  years  ago 

violent  off 
and  on 

73  or  more 

Etna 

Sicily 

more  than  2800  years  ago 

more  or  less 
continuous 

thousands; 
20,000  in 

1669 

Stromboli 

island  in  the 

Tyrrhenian  Sea 

more  than  2500  years  ago 

more  or  less 
continuous 

unknown 

Vesuvius 

Italy 

about  1900  years  ago 

more  or  less 
continuous 

thousands 

Hekla 

Iceland 

about  800  years  ago 

regular 

unknown 

Krakatoa 

island  between  Java 
and  Sumatra 

1680  (possibly  earlier) 

irregular, 

violent 

thousands; 
36,000  in  1883 

Pelee 

Martinique,  West 

Indies 

unknown 

irregular, 

violent 

thousands; 

38,000in 

1902 

Paricutin 

Mexico 

1943 

twice,  so  far 

none 

Surtsey 

island  near  Iceland 

_ 

1963 

quiet  since 
1967 

none 

Figure  4-2* 


4-2.  Surtsey 


•  4-2.  Which  volcano  is  the  youngest? 


4-3.  Paricutin  in  Mexico 


•  4-3.  Which  volcano  is  the  youngest  in  North  America? 


B.C. 


by  johnny  hart 


CHIEF!,  |Ve=  COT  a 

STOPY  HERE  THAT 
WILL  0UBT  THIS  i 
Town  Wl DZOPEW 


KnOCK  OPP  7W£r 

cucn'e  anp 
That  ! 
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Figure  4-3  below  shows  you  how  one  of  the  volcanoes, 
Krakatoa,  looked  before  and  after  eruption.  Until  1883,  Krakatoa 
was  a  single  large  island.  But  in  1883,  this  island  volcano  erupted. 
Actually  it  exploded,  killing  thousands  of  people.  And  the  single 
large  island  became  several  small  islands. 


Figure  4-3 


For  some  time  after  Krakatoa  exploded,  sunsets  and  sunrises 
all  over  the  world  were  noticeably  red.  That  was  a  result  of  the 
volcanic  particles  still  in  the  air.  It  took  more  than  five  years  for 
many  of  those  particles  to  settle  out  all  over  Earth. 

Beneath  a  volcano,  rocks  below  Earth's  crust  melt  and  expand 
under  pressure.  The  hot  liquid  rock,  called  magma,  is  forced 
toward  the  surface.  If  there  are  cracks,  or  weak  places,  the  liquid 
breaks  through.  That  results  in  a  volcanic  eruption.  Liquid  rock, 
called  lava  when  it  reaches  the  surface,  pours  out.  Lava  erupts 
through  the  crater  of  the  volcano  and  through  cracks  in  the  sur¬ 
face  around  it.  There  are  explosions  from  the  gases  trapped  in 
the  melted  material.  Pieces  of  solid  rock  are  expelled. 

You  might  think  that  the  melted  rocks  come  from  deep  in¬ 
side  —  from  Earth's  center.  But  they  don't.  They  come  from  the 
bottom  side  of  Earth's  thin  crust,  as  shown  in  Figure  4-4  below. 


Figure  4-4 
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4-4.  Molten  rock  and  compressed 
gases  from  within  the  crust  are 
forced  to  the  surface  through 
cracks  and  other  zones  of  weak¬ 
ness. 


Different  kinds  of  solid  rock  are  formed  when  the  liquid  rock 
cools  enough  to  become  hard  again.  You  may  have  already  looked 
at  rhyolite  and  basalt.  Take  a  few  minutes  to  look  at  several 
more  samples  of  volcanic  rocks.  You  will  need  the  following  items. 

hand  lens 
small  nail 

Rock  Set  for  Activity  4 


A.  Examine  each  kind  of  rock 
with  the  hand  lens.  Poke  at 
each  rock  with  the  pointed 
end  of  the  nail. 

B.  Record  your  observations 
in  your  notebook.  Include 
statements  about  color,  hard¬ 
ness,  texture  (full  of  holes  or 
not),  and  heaviness. 


The  holes  in  some  of  the  samples  came  from  gases  that  escaped 
just  as  the  liquid  rock  became  hard.  Some  of  the  pieces  in  your 
set  were  formed  from  a  volcanic  explosion. 


Yr 


4  -4.  Explain  how  a  volcano  forms  and  erupts. 


ACTIVITY  5:  EARTHQUAKES 


B.C. 


6MIAIE 

Weeks 


A  Ti CKET  To  NEAT 
EARTHQUAKE. 


More  than  a  million  earthquakes  occur  on  Earth  each  year. 
Most  of  them  cause  little  damage.  But  every  now  and  then  a 
high-energy  earthquake  hits  a  populated  area.  When  that  hap¬ 
pens,  it  can  cause  the  loss  of  many  lives  and  property  damage 

of  millions  of  dollars.  .  .  ,  .  . 

by  johnny  hart 


WHERE  WCM_£?  iO'J 

like  fosrrf 


You  (boT  anything 

near,  tub  exit  ? 
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Look  at  Figure  5-1  below.  It's  a  photograph  taken  of  down¬ 
town  San  Francisco  after  an  earthquake  hit  on  April  18,  1906. 


ACTIVITY  EMPHASIS:  Earth¬ 
quakes  occur  when  stress  has 
caused  movement  along  faults  in 
Earth's  crust.  Horizontal  move¬ 
ment  is  called  strike-slip  faulting. 
Vertical  movement  is  called  dip- 
slip  faulting.  The  effects  of  earth¬ 
quakes  range  from  minor  to  very 
severe.  A  seismograph  detects, 
records,  and  measures  the  vibra¬ 
tions  produced  by  earthquakes. 

MATERIALS  PER  STUDENT 
LAB  GROUP:  None 


The  San  Francisco  earthquake  and  the  fire  that  followed  it 
killed  452  people  and  destroyed  28,000  buildings.  One  person 
wrote  the  following  description  of  this  earthquake. 


Figure  5-2 
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5-1 .  [Answers  will  vary,  but  they  •  5-1 .  Based  on  the  description  you  read  in  Figure  5-2  (page  23), 

should  mention  shaking,  vibra-  what  is  an  earthquake? 
tions,  or  tremors.] 

The  vibrations  of  an  earthquake  are  felt  on  the  surface.  But 
the  cause  usually  exists  kilometres  deep  in  the  crust.  Earthquakes 
are  associated  with  the  movements  of  continents,  the  uplifting 
of  mountains,  and  the  eruption  of  volcanoes.  As  a  result  of  the 
huge  pressure  within  the  crust,  cracks  in  the  crust,  called  faults, 
develop.  When  enough  stress  is  present,  sections  of  crust  will 
move  suddenly  along  these  faults. 


5-2.  A  crack  in  Earth's  crust 

5-3.  Sudden  movements  along 
faults  in  Earth's  crust 


•  5-2.  What  is  a  fault? 


.  What  causes  earthquakes? 


You  can  see  the  results  of  one  type  of  movement  in  Fig¬ 
ure  5-3  below.  A  fault  runs  from  upper  left  to  lower  right  in 
the  photograph.  The  arrows  indicate  the  directions  in  which 
sections  of  crust  moved.  This  kind  of  horizontal  movement  — 
one  part  sliding  past  the  other  part  —  is  called  strike-slip  faulting. 

CVBIUC  Cl  IB  MIHTIM 
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5-4.  The  abrupt  change  in  the 
large  gully  where  it  crosses  the 
fault 


•  5-4.  Look  carefully  at  Figure  5-3  above.  What  evidence  shows 
that  the  movement  along  the  fault  was  horizontal? 
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DIP-SUP  PAUITIftG 

Another  kind  of  movement  is  called  dip-slip  faulting.  Along  a 
dip-slip  fault,  sections  of  crust  move  up  and  down  past  each 
other.  You  can  see  an  example  of  this  kind  of  faulting  in  Fig¬ 
ure  5-4  below.  The  fault  is  along  the  curving  cliff  in  the  center. 
The  surface  on  the  left  has  moved  down  more  than  a  kilometre 
below  the  surface  on  the  right. 


The  heignt  of  the  cliff  in  Fig¬ 
ure  5-4  has  been  reduced  by  ero¬ 
sion  on  the  high  side  and  by 
accumulation  of  sediment  on  the 
low  side. 


Along  some  faults,  the  movement  may  be  both  vertical  and 
horizontal. 

t  5-5.  What  is  the  difference  between  a  strike-slip  fault  and  a 
dip-slip  fault? 

'5^5-6.  Describe  the  two  ways  adjoining  sections  of  Earth's  crust 
might  move  during  an  earthquake. 


5-5.  In  a  strike-slip  fault,  the 
movement  is  horizontal.  In  a  dip- 
slip  fault,  the  movement  is  up 
and  down. 

5-6.  The  two  sections  might  slide 
along  each  other  horizontally. 
Or  one  section  might  move 
vertically  past  the  other  section. 
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The  San  Francisco  earthquake  was  caused  by  a  five-metre 
strike-slip  movement  of  rock  along  part  of  what  is  now  called  the 
San  Andreas  fault.  Figure  5-5  below  shows  you  where  this  fault 
is  located. 


A  part  of  the  San  Andreas  fault  is  shown  in  Figure  5-6  below 
and  in  Figure  5-3  (page  24). 


Figure  5-6 


5-7.  Two  stream  channels  are 
moved  to  the  right  where  they 
cross  the  fault. 


•  5-7.  What  evidence  in  Figure  5-6  above  shows  you  that  move¬ 
ment  has  taken  place  along  the  San  Andreas  fault? 


26  CORE 


The  effects  of  an  earthquake  can  range  from  very  minor  to 
major.  In  Figure  5-7  below,  you  can  see  some  of  the  minor, 
intermediate,  and  major  effects. 


See  Modified  Mercaili  Scale  in 
"Background  Information"  in 
ATE  front  matter. 


Figure  5-7 


☆5 


-8.  In  your  notebook,  make  a  table  like  the  one  shown  in 
Figure  5-8  below.  List  fifteen  different  effects  of  earthquakes. 
Put  each  effect  in  the  proper  column. 


5-8.  Minor  effects  include  bells 
ringing  by  themselves,  hanging  ob¬ 
jects  swaying,  trees  swaying,  win¬ 
dows  rattling,  and  objects  falling 
off  shelves.  Intermediate  effects 
include  roads  cracking,  animals 
being  disturbed,  walls  cracking, 
chimneys  cracking  and  falling, 
ground  rising  and  falling,  and 
pipes  bursting.  Major  effects  in¬ 
clude  bridges  collapsing,  houses 
collapsing,  dams  breaking,  and 
rivers  flooding.  Student  lists  may 
vary,  however. 
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Figure  5-9  below  shows  you  some  of  the  damage  caused  by  the 
earthquake  that  hit  Anchorage,  Alaska,  in  1964. 


5-9.  [Answers  will  vary  but 
should  include  mention  of  dam¬ 
age  to  buildings  and  street.] 


•  5-9.  What  evidence  in  Figure  5-9  above  suggests  that  a  strong 
earthquake  occurred? 

When  an  earthquake  occurs,  shock  waves  are  sent  out.  The 
shock  waves  from  the  earthquake  go  out  in  all  directions.  These 
shock  waves  are  sometimes  called  tremors.  This  means  that 
Earth  is  vibrating. 


source  of 
earthquake 


shoe 
or  tremor 


seismic  station 


fau 


Buildings  hundreds 
of  miles  away  may 
be  affected. 
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At  seismic  stations,  the  shock  waves,  or  tremors,  may  be  de¬ 
tected  by  a  simple  seismograph.  The  base  of  the  seismograph  is 
attached  firmly  to  the  ground.  When  the  ground  moves  up  and 
down,  so  does  the  base  and  the  recording  drum.  But  the  heavy 
weight  does  not  move  as  much.  It  stays  fairly  still  while  every¬ 
thing  around  it  is  shaking. 

As  a  result,  the  pen  attached  to  the  weight  draws  a  wiggly 
up-and-down  line  on  the  paper  wrapped  around  the  drum.  Since 
the  drum  is  turning,  the  pen  draws  a  long,  zigzag  line  on  the 
paper.  Figure  5-10  below  shows  the  way  a  simple  seismograph 
record  is  made. 


strong 

spring 


—  turning  "drum” 


The  heavy  weight 
remains  fairly  still 
when  the  base  moves 
up  and  down. 


(  heavy  ^ 

»! 

F't 

1  weight  ] 

clock  drive 
to  turn 
the  drum 


The  base  and  drum 
move  up  and  down 
when  Earth  vibrates 


X 


Figure  5-10 

Earth  is  always  vibrating  a  little.  That  accounts  for  the  tiny 
wiggles  in  the  line  between  12:00  noon  and  12:10  p.m.  in  Fig¬ 
ure  5-1 1  below. 


I  I  I 


|  I  I  |  I  I  I  I  I  I  I  I  I  >  I  I  I  l  I 


I  II  I  I  M  l  I  I  II 


12:00  12:10  12:20 
noon 

Figure  5-1 1 


•  5-10.  What  probably  happened  at  12:10  p.m.  in  Figure  5-11 
above? 


5-10.  A  small  earthquake  was 
recorded. 
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If  students  are  unfamiliar  with 
metric  units,  instruct  them  that 
1000  tonnes  =  1  kilotonne  and 
1000  kilotonnes  =  1  megatonne. 


Actually,  this  is  a  record  of  a  small  earthquake  that  started  at 
12:10  p.m.  For  a  bigger  earthquake,  the  zigzag  line  shows  larger 
wiggles,  sometimes  lasting  for  several  minutes.  Usually,  after  a 
quiet  spell,  other  shock  waves  from  the  same  big  earthquake  are 
detected.  So  a  complete  seismograph  record  of  a  big  earthquake 
will  show  a  series  of  wiggles  —  some  fairly  big  wiggles  with  some 
small  ones  (quiet  spells)  between. 

Hundreds  of  earthquakes  occur  each  day  around  the  world. 
Most  of  them  release  only  a  small  amount  of  energy.  These  weak 
earthquakes  can  be  detected  only  by  seismographs. 

The  Richter  Scale  is  often  used  to  report  the  magnitude  of  - 
amount  of  energy  released  by  —  earthquakes.  Look  at  Figure  5-12 
below. 


RICHTER  SCALE 

OF  EARTHQUAKE 
MAGNITUDE 

TNT 

EQUIVALENT 

1.0 

20  kg 

2.0 

600  kg 

3.0 

20  t 

4.0 

600  t 

5.0 

20  kt 

6.0 

600  kt 

7.0 

20  Mt 

8.0 

600  Mt 

9.0 

20,000  Mt 

Figure  5-1 2 


Examples  of  Major  Earthquakes 
1906  San  Francisco,  California:  8.3 
1933  Long  Beach,  California:  6.3 
1940  El  Centro,  California:  7.0 
1957  San  Francisco,  California:  5.0 
1964  Anchorage,  Alaska:  8.5 
1977  Rumania:  7.2 


5-1 1 .  Anchorage,  Alaska;  8.5 


5-12.  20  Mt 


•  5-11.  Look  at  Figure  5-12  above.  Where  was  the  largest  earth¬ 
quake?  What  was  its  magnitude  on  the  Richter  Scale? 

•  5-1 2.  In  1940,  there  was  an  earthquake  in  El  Centro,  California. 
How  many  megatonnes  of  TNT  was  that  earthquake  equivalent 
to? 


513  More  than  20  Mt  #5-13.  Rumania  had  an  earthquake  in  1977.  About  how  many 

megatonnes  of  TNT  was  it  equivalent  to? 


5-14.  The  base  and  its  attached 
drum  vibrate  when  there  are 
tremors.  A  pen  attached  to  a 
weight  does  not  vibrate.  So  the 
vibrating  drum  causes  the  pen 
touching  the  paper  on  it  to  make 
a  wiggty  line  as  the  drum  turns. 


☆ 


5-14.  How  does  a  seismograph  detect  earthquakes? 


Earthquakes,  like  volcanoes,  are  a  natural  part  of  Earth.  As 
Earth  changes,  they  are  an  unavoidable  result.  The  more  people 
learn  about  them,  the  better  and  wiser  decisions  they  can  make 
about  living  with  them. 
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ACTIVITY  6:  EARTH  DISASTERS 


ACTIVITY  EMPHASIS:  The  lo- 


When  you  think  of  Earth  disasters,  two  kinds  that  may  come 
to  your  mind  first  are  earthquakes  and  volcanoes.  The  news¬ 
papers  and  other  media  are  quick  to  report  any  of  these  spectacu¬ 
lar  changes  in  Earth. 


cations  of  volcanoes  and  major 
earthquakes  form  a  recognizable 
pattern. 

MATERIALS  PER  STUDENT 
LAB  GROUP:  See  tables  in  "Ma¬ 
terials  and  Equipment"  in  ATE 
front  matter. 


Most  earthquakes  start  along  cracks  in  Earth's  crust.  These 
breaks  are  called  faults.  Often,  there  is  great  surface  movement 
along  a  fault. 

Would  you  build  a  house  near  a  known  fault?  Your  answer  is 
probably  "Of  course  not."  But  many  houses  have  been  built 
along  the  San  Andreas  fault  in  California,  as  shown  in  Figure  6-1 
below.  Houses  have  also  been  built  along  known  faults  in  other 
parts  of  the  world. 


Figure  6-1 
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Probably,  most  people  bought  their  houses  without  knowing 
there  was  a  chance  of  an  earthquake  occurring  near  them.  If 
you'd  like  to  have  some  idea  of  the  earthquake  risk  where  you 
live,  Figure  6-2  below  will  help  you. 


PROBABLE 
RISK  KEY 

Symbol 

Zone  of 

< 

3 

no  damage 

© 

minor 

damage 

© 

moderate 

damage 

© 

major 

damage 

6-1.  [Answers  will  vary.] 


Figure  6-2 

•6-1.  How  much  damage  might  your  home  get  in  an  earth¬ 
quake? 


6-2.  [Any  five  states  in  Fig¬ 
ure  6-2  having  zones  of  major 
damage  are  acceptable.] 

6-3.  [Any  three  states  in  Fig¬ 
ure  6-2  having  zones  of  no 
damage  are  acceptable.] 


•  6-2.  Name  five  states  that  have  areas  of  greatest  risk  of  damage 
from  an  earthquake. 

•  6-3.  Name  three  states  that  have  areas  of  least  risk  of  damage 
from  an  earthquake. 

Figure  6-3  (page  33)  shows  the  major  locations  of  earthquakes. 
Eighty  percent  of  all  earthquakes  in  the  world  occur  in  regions 
around  the  Pacific  Ocean.  This  area  has  come  to  be  known  as 
the  Ring  of  Fire. 
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Figure  6-3 


CORE  33 


160  E  180  160  W  1 40  W  1 20  W  100W  80  W  60  W  40  W  20  W  0  20  E  40  E  60  E 


Now  let's  find  out  where  some  volcanoes  are  located.  You  will 
need  Figure  6-3  (page  33),  Figure  6-4  below,  and  the  following 
items. 

piece  of  acetate  transparency,  at  least  17  cm  X  22  cm 

5  cm  of  masking  tape 

wax  pencil  or  transparency  marking  pen 

A.  Put  the  transparency  over 
Figure  6-3  (page  33).  Tape  it 
lightly  in  place  at  the  top 
edge. 

B.  Refer  to  Figure  6-4  below. 
Use  the  latitude  and  longitude 
given  there  for  the  Bandaisan 
volcano  to  locate  it  on  the 
map  in  Figure  6-3.  With  your 
wax  pencil,  put  an  X  on  the 
transparency  at  the  location 
of  this  volcano. 

C.  Do  the  same  for  all  the  other 
volcanoes  listed  in  Figure  6-4. 


j  VOLCANO 

LATITUDE 

LONGITUDE 

Bandaisan  (Japan) 

37N 

1 40E 

Katmai  (Alaska) 

58N 

1 55W 

Mauna  Loa  (Hawaii) 

20N 

155W 

Fujiyama  (Japan) 

35N 

1 40E 

Mt.  Shasta  (California) 

41 N 

122W 

Krakatoa  (Indonesia) 

6S 

105E 

Lassen  Peak  (California) 

40N 

121 W 

Mt.  Hood  (Oregon) 

45N 

1 20W 

Popocatepetl  (Mexico) 

20N 

100W 

Atitlan  (Guatemala) 

14N 

91 W  j 

Tolima  (Colombia) 

4N 

75W  j 

Figure  6-4 


6-4.  Because  of  the  large  number  @6-4.  Why  do  you  suppose  the  earthquake  belt  around  the 
of  active  volcanoes  there  Pacific  Ocean  is  known  as  the  Ring  of  Fire ? 

There  are  other  volcanoes  on  Earth.  But  most  of  them,  like  most 
earthquakes,  are  in  the  Ring  of  Fire  around  the  Pacific  Ocean. 


transparency 
over  page  33 
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As  you  might  expect  then,  all  the  volcanoes  in  the  United 
States  are  in  states  surrounded  by  or  bordering  the  Pacific  Ocean. 

Figure  6-5  below  shows  the  major  locations  of  earthquakes 
and  volcanoes  for  the  entire  world. 


•  6-5.  Look  at  Figure  6-5  below.  Name  the  states  in  which  vol¬ 
canoes  are  located. 


☆e  -6.  Where  do  most  of  the  earthquakes  and  volcanoes  in  the 
world  occur? 


6-5.  Alaska,  Hawaii,  California, 
Oregon,  and  Washington 


6-6.  In  the  Ring  of  Fire  around 
the  Pacific  Ocean 
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Figure  6-5 
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ACTIVITY  EMPHASIS:  The  for¬ 
mation  of  gorges,  canyons,  and 
floodplain  valleys  is  the  work  of 
water  in  motion. 

MATERIALS  PER  STUDENT 
LAB  GROUP:  None 


ACTIVITY  7:  EFFECTS  OF  MOVING  WATER 


Moving  water  is  probably  the  most  important  sculptor  of  the 
landscape.  Mountains  become  hills.  And  deep  canyons  become 
wide  valleys.  These  changes  happen  as  moving  water  carries 
away  the  weakened  rock  materials  and  soil  produced  by  long  ex¬ 
posure  to  the  weather.  This  whole  process  is  called  erosion. 
Look  at  Figures  7-1  and  7-2  below.  Moving  water  is  responsible 
for  both  of  these  landscapes. 


Figure  7-1 


Figure  7-2 


As  used  in  this  activity,  the  term 
erosion  includes  (1)  the  weather¬ 
ing  of  rock,  (2)  the  downsiope 
movement  of  the  resulting 
weathered  materials,  and  (3)  their 
removal  by  such  forces  as  rivers 
and  glaciers. 


Figure  7-1  above  shows  a  rocky  gorge  with  very  steep  walls. 
The  fast-moving  river  at  the  bottom  of  the  picture  carved  its  bed 
out  of  the  rock.  That  took  many,  many  years  of  carrying  the 
worn-away  rock  downstream. 

•  7-1.  How  much  wider  is  the  top  of  the  gorge  than  the  river? 


7-1.  [Answers  will  vary,  but  it's 
perhaps  20  times  wider.] 


The  fact  that  the  upper  part  of  the  gorge  is  wider  than  the 
river  suggests  something.  Carving  the  river  bed  isn't  all  the  river 
has  done.  Look  at  the  area  marked  X  on  the  photo. 


7-2.  Rock  material  has  fallen  off 
the  steep  walls. 


•  7-2.  What  does  the  pile  of  rock  material  at  X  suggest  has 
happened  to  the  steep  walls  of  the  gorge? 


Material  such  as  that  at  X  has  been  weakened  by  exposure  to 
the  weather.  It  falls  or  slides  down  the  walls  of  the  gorge.  And  it 
ends  up  being  carried  away  by  the  river.  In  fact,  most  of  the 
material  any  river  carries  does  not  come  from  its  bed.  It  comes 
from  the  walls  of  the  gorge,  canyon,  or  valley  in  which  the  river 
flows. 
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Figure  7-2  (page  36)  is  a  V-shaped  canyon.  Once,  it  probably 
had  steeper  walls,  like  the  gorge.  Now  trees  are  growing  on  its 
slopes. 


•  7-3.  What  probably  happened  to  the  rock  material  that  made  up 
the  once  steeper  walls  of  the  canyon  in  Figure  7-2  (page  36)? 


7-3.  Weakened  by  exposure  to 
weather,  the  rock  material  si  id  into 
the  river  and  was  carried  away. 
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-4.  How  does  moving  water  create  a  V-shaped  canyon  from  a 
steep-walled  gorge? 


Figure  7-3  below  shows  a  different  valley  with  a  more  slowly 
moving  river  and  even  less  steep  walls.  This  valley  was  also 
probably  a  canyon  once. 


7-4.  The  walls  of  the  gorge  crum¬ 
ble,  especially  near  the  top, 
where  they  had  been  exposed  to 
the  weather  longest.  This  rock 
material,  plus  a  little  from  the 
bottom,  is  carried  away  by  the 
river,  forming  a  less  steep  can¬ 
yon. 


Figure  7-3 


Notice  that  the  valley  floor  is  flat  and  wide  compared  to  the 
valley  in  Figure  7-2  (page  36).  This  flat  area  is  called  the  flood- 
plain  of  the  river.  Floodplain  development  begins  when  a  river 
deepens  its  bed  almost  to  the  level  of  its  mouth.  Then  it  flows 
even  more  slowly  and  begins  to  wander  from  side  to  side.  The 
sidewise  cutting  on  the  outsides  of  bends  and  deposits  left  on  the 
insides  create  a  slowly  widening  floodplain. 
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The  area  is  called  a  floodplain  because  it  is  all  underwater 
during  floods.  Look  at  Figure  7-4  below.  It  shows  the  develop¬ 
ment  of  a  floodplain. 


Figure  7-4 


7-5.  The  valley  floor  is  flattened 
and  widened  as  a  floodplain  is 
formed.  The  walls  become  less 
steep. 

7-6.  A  river  or  stream  cuts  side- 
wise  on  the  outsides  of  bends, 
leaving  deposits  on  the  insides. 


•  7-5.  What  happens  to  a  V-shaped  canyon  over  time  as  its  river 
cuts  sidewise? 
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7-6.  How  does  moving  water  create  a  valley  with  a  floodplain 
from  a  canyon? 


7-7.  Canyons  are  too  steep.  The 
water  flows  too  fast  to  spread 
floodplain  deposits. 

Floods  in  canyons  tend  to  flush 
out  the  rock  debris.  Such  a  flood 
occurred  in  the  Big  Thompson 
River,  Colorado,  August,  1976. 


•  7-7.  Why  don't  canyons  have  floodplains  on  their  floors? 

Moving  frozen  water  can  erode  rocks  too.  Most  people  don't 
think  of  ice  as  moving  or  bending.  But  in  a  glacier,  the  weight  of 
the  ice  and  snow  forces  the  whole  long  glacier  to  move  slowly. 
It  bends  and  turns  a  little  as  it  goes.  Like  a  giant  file,  it  scrapes 
up  rocks  as  it  moves.  Look  at  the  glacier  in  Figure  7-5  below. 


Figure  7-5 


38  CORE 


The  process  of  scraping  and  plucking  that  goes  on  when  huge 
glaciers  move  is  called  scouring.  Figure  7-6  below  shows  a  valley 
scoured  out  long  ago  by  an  ancient  glacier.  Almost  all  glacier 
valleys  were  once  gorges  or  V-shaped  canyons. 


Figure  7-6 

•  7-8.  Do  these  valleys  have  the  same  shape  as  a  river-cut  valley 
has? 


Compared  with  the  canyons  or  valleys  they  were  made  from, 
the  valleys  made  by  glaciers  are  straighter  and  U-shaped.  You 
can  see  where  the  glacier  stopped  in  the  foreground  in  Fig¬ 
ure  7-6  above. 


How  is  a  U-shaped  valley  made? 


You  have  to  be  careful  when  you  try  to  decide  whether  a 
valley  was  made  by  a  river  or  by  a  glacier.  A  wide  river  valley 
with  a  flat  floor  may  be  almost  U-shaped.  But  a  river-cut  valley 
is  more  likely  to  have  a  winding  river  along  its  truly  flat  floor. 

A  glacial  valley  will  usually  have  much  larger  boulders  in  it. 
And  a  U-shaped  valley  eroded  by  a  glacier  is  usually  in  or  near 
fairly  high  mountains.  It  is  also  straighter  than  most  river  valleys 
because  ice  can't  turn  corners  as  water  can. 


7-9.  It  is  scoured  out  of  a  gorge 
or  a  V-shaped  canyon  by  a 
glacier. 
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Figure  7-7 


7-10.  It  was  made  by  a  river.  The 
valley's  V-shape  and  its  crooked¬ 
ness  indicate  it  was  cut  by  a  river 
rather  than  a  glacier. 


•  7-10.  Was  the  valley  in  Figure  7-7  above  produced  by  a  river  or 
a  glacier?  Explain  your  answer. 


ACTIVITY  EMPHASIS:  Sand 
spits,  sand  beaches,  and  sand 
dunes  are  formed  and  changed  by 
the  action  of  natural  forces. 

MATERIALS  PER  STUDENT 
LAB  GROUP:  None 

From  Geology  Illustrated  by 
John  S.  Shelton.  W.H.  Freeman 
and  Company.  Copyright©  1966. 


ACTIVITY  8:  SAND 


Beautiful  sandy  beaches  are  all  over  the  world  —  on  ocean 

shores  and  on  lake  shores.  But  not  all  shores  have  sandy 

beaches.  The  shore  at  the  famous  Riviera  region  of  the  Medi¬ 
terranean  Sea,  for  example,  has  mostly  rocks.  But  most 

beaches  are  sandy  beaches,  like  the  one  shown  in  Figure  8-1 
below. 


Figure  8-1 
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Look  at  Figure  8-2  below.  It  shows  the  same  beach  as  Fig¬ 
ure  8-1  (page  40)  six  months  later  during  the  winter.  The  sand 
is  gone. 


Figure  8-2 

Although  they're  not  usually  so  noticeable,  changes  take 
place  on  all  sandy  beaches.  Waves,  lapping  almost  continually  at 
the  shore,  stir  up  the  sand.  The  sand  then  moves  with  the  water 
currents. 


From  Geology  Illustrated  by 
John  S.  Shelton.  W.H. Freeman 
and  Company.  Copyright©  1966. 


Those  currents  are  under  the  breaking  waves  and  close  to 
shore.  They  may  move  sand  in  any  direction  —  offshore,  on¬ 
shore,  or  along  the  shore.  The  particular  direction  is  determined 
by  the  size,  shape,  and  direction  of  the  waves. 

Only  in  cases  like  the  one  shown  in  Figures  8-1  and  8-2  do 
beaches  lose  almost  all  their  sand  in  winter.  That  happens  when 
the  weather  during  the  summer  and  winter  makes  a  real  differ¬ 
ence  in  the  wave  currents.  Also,  those  rocks  that  jut  out  into 
the  sea  in  Figures  8-1  and  8-2  block  currents  that  might  replace 
the  sand  removed  by  winter  waves. 


it 


8-1  .  How  are  beaches  formed? 


8-1.  By  the  action  of  waves  and 
currents,  which  continually  re¬ 
move  and  replace  the  sand  on  a 
beach 
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Sometimes  more  sand  is  replaced  than  is  removed.  When 
this  happens,  a  sand  spit,  like  the  one  shown  in  Figure  8-3  be¬ 
low,  may  form. 


Figure  8-3 


8-2.  More  sand  is  deposited  there 
by  offshore  currents  than  is  re¬ 
moved. 


About  a  hundred  years  ago,  this  spit  was  much  smaller.  Wave 
currents  depositing  sand  made  it  longer  and  longer.  It  is  now 
even  longer  than  it  was  in  1963  when  this  picture  was  taken. 

Consider  where  all  this  sand  comes  from.  Near  the  area  shown 
at  the  top  of  the  picture,  waves  pound  against  a  steep  cliff  of  sandy 
glacial  deposits.  They  remove  the  sand  there,  and  currents  carry 
it  toward  the  tip  of  the  spit.  So,  as  the  spit  grows,  the  cliff  is  cut 
back.  The  cliff  is  many  kilometres  long.  One  metre  of  cliff  pro¬ 
vides  enough  sand  to  make  many  metres  of  spit. 

&8  -2.  Describe  how  a  sand  spit  is  built  up. 

Human  activity  is  often  responsible  for  an  opposite  effect  — 
the  disappearance  of  beaches.  People  interfere  with  the  natural 
flow  of  sand  by  building  dams,  groins,  and  jetties  and  by  dredging 
and  cutting  inlets.  The  beach  is  slowly  removed. 
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Sometimes  sand  is  removed  from  beaches  by  the  wind.  As  the 
wind  blows  from  the  water  toward  the  land,  it  can  pick  up  small 
grains  of  sand.  It  moves  them  along.  If  this  happens  often  enough 
and  long  enough,  a  fairly  big  pile  of  sand  builds  up  on  the  land 
inshore  from  the  beach.  This  kind  of  sandpile  is  called  a  sand 
dune.  Figure  8-4  below  shows  a  beach  sand  dune. 

Sand  dunes  occur  in  sandy  deserts  too.  Figure  8-5  below 
shows  several  desert  sand  dunes. 


Figure  8-4 


Figure  8-5 


A 


In  some  places,  wild  grasses  have  had  a  good  start.  Their  roots 
help  hold  the  sand  in  place.  There  the  dune  does  not  move  with 
the  wind  action. 

But  unprotected  sand  dunes  slowly  move.  The  wind  blows  the 
grains  of  sand  from  one  side  of  the  dune  (called  the  windward 
side)  up  and  over  the  top.  There  the  grains  fall  and  then  roll  or 
slide  down  the  other  side  (called  the  leeward  side). 

As  long  as  the  wind  blows  in  unprotected  places,  then,  sand 
grains  are  moved.  And  finally  the  whole  dune  will  be  moved. 

Often  this  movement  has  no  important  effects.  But  it  can. 
Moving  sand  dunes  sometimes  move  into  a  forest,  for  example, 
where  they  will  kill  the  trees.  They  can  also  cause  trouble  by 
blocking  highways  and  covering  up  whole  buildings. 

&8  -3.  What  are  sand  dunes?  Flow  do  they  move? 


8-3.  Sand  dunes  are  piles  of  sand 
made  by  wind  action.  Grains  of 
sand  from  the  windward  side  are 
blown  to  the  leeward  side,  where 
they  fall. 
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ACTIVITY  EMPHASIS:  Several 
natural  processes  are  involved  in 
the  formation  of  till,  lakes,  and 
drumlins.  Descriptions,  or  defini¬ 
tions,  of  natural  features  are 
distinguished  from  explanations 
about  their  formation. 

MATERIALS  PER  STUDENT 
LAB  GROUP:  None 


9-1.  Moving  water  would  have 
washed  away  at  least  the  smallest 
rocks. 


ACTIVITY  9:  TILL,  LAKES,  AND  DRUMLINS 

Most  of  the  photographs  in  this  minicourse  are  nice  to  look  at. 
They  show  scenic  places.  But  the  scene  in  Figure  9-1  below  is 
not  so  pretty.  It's  a  pile  of  rocks  —  all  different  sizes,  from  tiny 
to  very  big,  and  different  kinds,  from  light  to  dark. 


Figure  9-1 


The  pile  is  natural.  It  wasn't  made  by  human  activity.  The 
question  is,  then,  how  all  those  different  sizes  and  kinds  of 
rocks  got  there.  One  thing  is  sure.  Fast-moving  water  hasn't 
been  around  that  pile.  And  the  pile's  not  at  the  base  of  a  steep 
cliff,  as  in  Figure  7-1  (page  36). 

•  9-1.  How  can  you  tell  that  the  pile  has  not  been  affected  by 
moving  water? 

That  pile  has  probably  been  there  for  thousands  of  years. 
Fast-moving  water  would  have  washed  the  smaller  and  medium¬ 
sized  rocks  away.  It  would  have  left  a  pile  of  only  bigger  rocks 
behind.  The  rapidly  moving  water  would  have  finally  slowed 
down  somewhere  else  and  deposited  the  medium-sized  rocks 
there.  Then  farther  on,  as  the  water  slowed  still  more,  it  would 
have  deposited  the  smaller  rocks. 
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Even  slow-moving  water  has  not  run  over  that  pile.  If  it  had, 
the  medium-sized  and  bigger  rocks  would  probably  still  be  there. 
But  the  smallest  ones  would  be  washed  away. 

There  hasn't  been  much  wind  blowing  hard  there  either.  If 
there  had  been,  the  wind  would  have  blown  away  at  least  some 
of  the  very  smallest,  dust-sized  pieces.  And  neither  wind  nor 
slow-moving  water  could  have  put  the  larger,  angular  blocks  of 
rock  there. 

So  those  rocks  weren't  left  there  by  water  or  wind.  And,  since 
there  are  several  different  kinds,  they  didn't  form  where  they 
are.  Instead,  they  were  brought  there  by  a  glacier  -  a  very  iarge, 
very  slowly  moving  mass  of  ice. 


Rocks  get  picked 
up  and  moved  by 
the  glacier 


Rocks  fall  off 
steep  walls  and 
are  carried  along 
on  top  of  the 
glacier. 


Glaciers  are  like  giant  scrapers,  carrying  and  dragging  almost 
everything  along  with  them.  Some  rocks  fall  onto  the  ice  from 
steep  valley  walls.  Other  rocks  are  scraped  up  from  the  valley 
floor.  All  sizes  of  rocks,  from  very  large  to  tiny,  get  mixed  to¬ 
gether  and  frozen  into  the  ice. 

•9-2.  What  happens  to  all  those  rocks  when  the  ice  of  the  gla¬ 
cier  melts? 

At  one  time,  where  the  pile  of  rocks  in  Figure  9-1  (page  44) 
is  now,  there  was  a  glacier  that  melted.  As  it  melted,  the 
different-sized  rocks  were  no  longer  held  in  the  ice.  They  simply 
stayed  where  they  were,  piling  up  on  each  other  as  the  melted 
ice  water  trickled  away.  A  collection  of  different-sized  rocks, 
such  as  in  Figure  9-1,  deposited  by  a  melting  glacier  is  called 
till . 


9-2.  They  pile  up  wherever  they 
happen  to  be. 


Melted  ice  water  probably  carried 
away  some  fine  material,  but 
there  wasn't  enough  water  to 
complete  the  job.  In  addition, 
the  location  may  have  been  above 
the  valley  floor  where  normal, 
later  discharge  of  water  could 
not  reach  it. 
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9-3.  Till  is  a  collection  of 
different-sized  rocks  deposited  by 
a  melting  glacier.  It  was  formed 
by  a  melting  glacier  dropping 
its  load  of  rocks. 


9-3 


.  Describe  what  till  is. 


Explain  how  it  was  formed. 


Notice  that  the  explanation  of  how  till  formed  is  almost, 
but  not  quite,  the  same  as  the  description  of  what  till  is.  Till 
was  formed  by  a  melting  glacier  depositing  different-sized  rocks. 
But  till  itself  is  the  deposit  of  different-sized  rocks  that  came 
from  a  melting  glacier.  It  is  important  to  notice  this  difference. 


9-4.  An  explanation  of  how  some¬ 
thing  was  formed  tells  the  way 
it  got  to  be  what  it  is.  A  descrip¬ 
tion  of  what  it  is  gives  a  definition 
or  tells  what  it  is  now. 


9-5.  A  body  of  water  surrounded 
by  land  (except,  usually,  for  an 
inlet  and  an  outlet) 


•  9-4.  What  is  the  difference  between  an  explanation  of  how 
something  was  formed  and  a  description  of  what  it  is? 

In  the  case  of  till,  a  description  —  or  definition  —  has  to  in¬ 
clude  an  explanation  of  how  till  was  formed.  Till  is  not  just  any 
collection  of  rocks.  A  collection  of  rocks  is  called  till  only  when 
it  was  left  by  a  melting  glacier. 

A  lake,  on  the  other  hand,  can  be  described,  or  defined, 
without  telling  how  it  was  formed. 


Figure  9-2 


Your  description  of  a  lake  ought  to  mention  water  surrounded 
by  land.  But,  unlike  till,  lakes  can  be  formed  in  several  different 
ways.  An  interesting  way,  though  not  very  common,  is  through 
the  blocking  of  a  river  by  a  landslide.  Figure  9-2  above  shows  a 
lake  that  formed  that  way.  You  can  see  the  treeless  scar  on  the 
right,  where,  in  1925,  a  big  landslide  moved  down  to  the  valley. 
It  formed  a  dam  there  that  blocked  the  river.  It  took  two  years 
foi  the  lake  to  rise  high  enough  to  flow  over  the  landslide  dam. 
In  some  places,  a  lava  flow  may  produce  a  dam. 


46  CORE 


A  lake  can  also  result  from  glacial  action.  A  glacier  can  scour 
out  some  of  the  rock  of  a  mountain.  And  water  collects  in  the 
basin  that  is  formed.  Such  lakes  are  very  common  in  high  moun¬ 
tain  ranges.  Figure  9-3  below  shows  two  such  lakes. 


Figure  9-3 

A  few  lakes  have  formed  as  a  result  of  the  faulting  of  blocks  of 
Earth's  crust.  Figure  9-4  below  is  an  example.  The  fault  is  along 
the  base  of  the  cliff  on  the  right.  The  land  to  the  left  moved 
down  and  tilted,  making  a  low  place  against  the  cliff.  Water  has 
collected  there  to  form  the  lake. 


Figure  9-4 
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Numerically,  lakes  of  glacial  ori¬ 
gin  (scour  and  in  till  or  moraine) 
are  by  far  the  most  abundant 
on  Earth.  Among  these  examples, 
oxbows  are  probably  next,  where¬ 
as  landslide  dams  and,  especially, 
fault-block  puddles  are  relatively 
rare. 


Sometimes,  too,  there  are  low  spots  in  the  till  left  by  a  glacial 
ice  sheet.  Many  of  these  contain  lakes.  Figure  9-5  below  shows 
several  examples.  Notice  the  general  flatness  of  the  land.  There 
are  no  mountains  nearby,  just  low  spots  here  and  there  in  the 
glacial  till.  When  till  has  been  deposited  over  such  a  wide  area,  it 
is  called  ground  moraine.  Lakes  of  glacial  origin  are  quite  com¬ 
mon. 


Figure  9-5 


Another  way  a  lake  can  form  has  nothing  to  do  with  glaciers. 
Sometimes  a  winding  river  will  cut  through  its  banks,  leaving  a 
lake  that  looks  bent  or  curved.  Such  a  curved  piece  of  river  is 
called  an  oxbow  lake.  Figure  9-6  below  shows  such  a  winding 
river  in  Idaho.  The  oxbow  lake  is  where  the  river  flowed  at  an 
earlier  time. 


Figure  9-6 
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Describe  five  different  ways  a  lake  can  be  formed. 


☆9 


-7.  How  is  a  description  of  a  lake  different  from  an  explana¬ 
tion  of  a  lake's  origin? 


A  drumlin  is  another  natural  feature  —  one  that  few  people 
have  heard  of.  It  can  be  described  as  a  long,  narrow,  stream¬ 
lined  hill  that  is  usually  made  of  till. 

Most  drumlins  are  about  thirty  metres  or  less  in  height  and 
slightly  less  than  one  kilometre  long.  Usually  there  are  hundreds 
of  drumlins  near  each  other  in  a  large  area  many  square 
kilometres  in  size.  Figure  9-7  below  shows  a  few  drumlins  among 
the  eight  hundred  or  nine  hundred  that  are  present  nearby. 


9-6.  By  the  tilting  of  the  land, 
by  a  glacier  scouring  out  a  rock 
basin,  by  a  dammed  river,  by 
depressions  left  in  glacial  deposits, 
and  by  a  meandering  river  cutting 
through  its  banks. 

9-7.  A  description  of  a  lake  tells 
what  it  is  —  water  surrounded 
by  land,  except  for  an  inlet  and 
outlet.  An  explanation  of  a  lake's 
origin  tells  how  the  lake  got  to 
be  that  way,  that  is,  the  process 
by  which  it  was  formed. 


Figure  9-7 

Drumlins  always  have  streamlined  shapes,  stretched  out  in  the 
direction  the  ice  moved  (toward  you  in  Figure  9-7  above). 

No  one  knows  exactly  how  drumlins  were  formed.  They  were 
probably  deposited  beneath  a  thin  sheet  (a  few  hundred  metres) 
of  moving  ice.  Perhaps  the  ice  was  moving  over  large  obstacles, 
such  as  pieces  of  bedrock,  that  would  not  move.  These  obstacles 
may  have  caused  the  rocks  in  the  ice  to  get  caught  and  pile  up 
as  the  ice  moved  on. 
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9-8.  A  drumlin  is  a  long,  narrow 
hill,  usually  made  of  till.  It 
might  have  been  deposited  by  a 
moving  glacier  when  the  glacier 
moved  over  protruding  bedrock. 

9-9.  A.  Both;  B.  Description; 
C.  Neither;  D.  Both;  E.  Both; 
F.  Neither;  G.  Explanation 


☆e-s.  What  is  a  drumlin?  How  might  it  have  been  formed? 


If  you  know  the  material  in  the  preceding  activities,  you  can 

probably  answer  the  next  question  without  trouble. 

☆9-9.  Read  the  following  statements.  Tell  whether  each  is  a 

description  of  a  feature  or  an  explanation  about  how  the  fea¬ 
ture  was  formed  or  both  or  neither. 

A.  An  earthquake  is  a  movement  of  parts  of  Earth's  crust.  It  is 
caused  by  stresses  and  strains  in  the  crust. 

B.  A  volcano  is  a  cone-shaped  hill  or  mountain  made  of  lava 
and  volcanic  ash. 

C.  A  volcano  often  erupts  with  showers  of  rocks. 

D. A  canyon  is  a  steep-sided  river  valley,  cut  into  rock  by  the 
action  of  the  river  over  thousands  of  years. 

E.  A  beach  is  usually  a  gently  sloping  bed  of  sand.  The  sand  is 
constantly,  but  usually  slowly,  being  taken  away  and  re¬ 
placed  at  about  equal  rates. 

F.  Mountains  can  be  formed  in  four  different  ways. 
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ACTIVITY  10:  PLANNING 


Activity  1 1  Page  52 

Objective  11-1:  Identify  five  observa¬ 
tions  that  support  the  theory  of  continen¬ 
tal  drift,  and  tell  how  they  do  so. 

Sample  Question:  Which  of  the  following 
observations  supports  the  theory  of  con¬ 
tinental  drift? 

A.  Mountains  are  being  eroded. 

B.  Some  edges  of  different  continents  fit 
together  fairly  well. 

C.  Ages  of  similar  rocks  in  the  centers  of 
different  continents  match. 

D.  Earthquakes  occur  regularly  in  the 
middle  of  the  Atlantic  Ocean. 


Activity  12  Page  59 

Objective  12-1:  Use  contour  lines  to  in¬ 
terpret  surface  features  represented  on  a 
topographic  map,  including  hills,  moun¬ 
tains,  and  valleys,  elevations,  and  direc¬ 
tion  of  river  flow. 

Sample  Question:  Look  at  the  topo¬ 
graphic  map  of  the  small  island  below. 
Contour  lines  are  drawn  every  20  feet. 


What  is  the  approximate  elevation  of 
Point  X? 

A.  60  feet 

B.  Less  than  60  feet 

C.  Between  60  and  80  feet 

D.  80  feet 


Answers:  11-1.  B;  12-1.  C 
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ACTIVITY  EMPHASIS:  Some  of 
the  evidence  for  the  theory  of 
plate  tectonics  is  presented  and 
interpreted. 

MATERIALS  PER  STUDENT 
LAB  GROUP:  See  tables  in  "Ma¬ 
terials  and  Equipment”  in  ATE 
front  matter. 


ACTIVITY  11:  FOLLOW  THAT  CONTINENT! 


Most  geologists  believe  that  for  a  few  million  years,  at  least, 
there  was  only  one  continent  —  not  seven,  as  there  are  now. 
Then,  about  two  hundred  million  years  ago,  this  single  landmass 
began  to  break  up.  The  pieces  moved  slowly,  finally  reaching  the 
places  they  are  now. 


Even  as  you  are  reading  these  words,  the  continents  are  still 
drifting.  North  America,  for  example,  is  closer  to  Asia  today 
than  it  was  last  year.  The  Atlantic  Ocean  is  widening  by  six  to 
eight  centimetres  every  year.  And  the  Pacific  Ocean  is  becoming 
narrower  right  now. 

In  this  activity,  you  will  use  five  clues  to  gather  evidence 
about  the  splitting  of  one  large  continent  into  smaller  pieces. 
If  you  are  ready,  let's  begin.  You'll  need  to  use  Figure  6-3 
(page  33)  and  the  following  items. 


piece  of  tracing  paper,  about  28  cm  X  21  cm 

soft  pencil 

scissors 

cellophane  tape 


EVIDENCE 

SUPPORT  THEORY? 

FF 

(OM  THE  CLUE 

Yes 

No 

Questionable 

COMMENTS 

1. 

2. 

3. 

- - 

A.  In  your  notebook,  make  a 
table  similar  to  this,  but  con¬ 
taining  five  lines. 


You  will  keep  a  record  of  your  observations  and  conclusions 
on  your  table.  For  example,  on  Line  1  under  "Evidence  from 
the  Clue,"  you  might  wish  to  write  "Shapes  of  continents  fit 
each  other."  This  is  the  evidence  that  you  will  study  first. 
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Then  you  will  decide  whether  the  evidence  supports  the 
theory,  does  not  support  it,  or  is  questionable.  After  you  decide, 
put  a  check  in  the  proper  space  on  Line  1.  Finally,  you  may 
wish  to  add  a  few  comments,  such  as  "They  fit  very  well"  or 
"They  don't  all  fit  perfectly"  or  some  other  comment. 


B.  Trace  Figure  6-3  (page  33). 
Cut  out  the  following  land- 
masses:  North  America, 

South  America,  Africa, 
Australia,  Europe-Asia,  and 
Greenland. 

Note  that  North  America 
and  South  America  are  to  be 
separate  pieces.  But  Europe 
and  Asia  should  be  in  one 
piece.  You  will  have  to  tape 
those  areas  together,  because 
they  are  divided  in  Fig¬ 
ure  6-3. 


C.Try  to  fit  all  these  land- 
mass  cutouts  together  like  a 
jigsaw  puzzle.  Leave  little  or 
no  space  between  the  pieces. 


D.  Fill  in  Line  1  of  your  table. 
Save  your  cutouts  of  Africa 
and  South  America  for  the 
next  step. 


•  11-1.  Were  you  able  to  fit  the  pieces  together  fairly  well? 


11-1.  Yes 


•  1 1-2.  Does  this  provide  any  evidence  that  at  one  time  the  con¬ 
tinents  and  Greenland  were  all  together  in  one  piece? 
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Now  you're  ready  for  the  second  clue.  You  will  use  Line  2  in 
your  table  to  record  your  observations  and  conclusions. 

If  the  continents  were  once  together  in  one  piece,  then  the 
ages  of  the  rocks  separated  by  the  break  should  match  up. 
Geologists,  with  the  help  of  chemists  and  physicists,  have  often 
been  able  to  estimate  how  old  a  rock  is.  Figure  11-1  below 
shows  the  locations  in  Africa  and  South  America  of  rocks  more 
than  two  billion  years  old. 


E.  Mark  the  shaded  areas 
shown  in  Figure  11-1  on  your 
cutouts  of  South  America  and 
Africa.  It  need  not  be  exact, 
but  your  copy  should  be  as 
good  as  you  can  make  it. 

F.  Match  the  two  continents 
on  the  basis  of  similar  rock 
ages. 

G.  Fill  in  Line  2  of  your  table. 


•  1 1-3.  Did  you  get  a  fairly  good  match  for  the  old  rocks  on  the 
two  continents? 
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The  third  clue  is  related  to  glaciers.  Figure  11-2  below  is  a 
map  that  shows  the  location  of  glacial  deposits  of  about  the 
same  age  on  four  continents.  These  four  continents  are  now 
widely  separated.  It  is  hard  to  imagine  that  a  glacier  covered  that 
much  ocean  area  between  and  among  these  continents.  But  it 
could  be  that  a  glacier  covered  parts  of  the  land  when  those 
four  continents  were  all  together  in  one  landmass. 
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A  fourth  clue  is  related  to  fossils.  The  fossil  called  Glossopteris 
is  from  a  rather  rare  fern  that  lived  on  Earth  long  ago.  It  is  now 
extinct. 

On  five  continents  —  Asia,  Australia,  Antarctica, 
South  America,  and  Africa  —  this  type  of  fossil  is  always  found 
in  the  same  kind  of  geological  deposits.  Figure  11-3  below 
shows  where  fossils  of  this  type  have  been  found. 


Figure  1 1-3 


I.  Fill  in  Line  4  of  your  table. 


The  fifth  piece  of  evidence  is  found  in  the  information  given  in 
Activity  6,  Figure  6-5  (page  35).  Take  a  look  at  that  figure. 


11-4.  At  continental-oceanic 
edges  and  in  the  middle  of  oceans 


®  1 1-4.  Where  do  most  earthquakes  and  volcanoes  happen  —  in 
the  middle  of  continents,  in  the  middle  of  oceans,  or  at  the  edges 
of  continents  and  oceans? 
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A  few  earthquakes  do  occur  in  the  middle  of  some  continents 
now  and  then.  But  most  of  the  earthquakes  and  volcanoes  are  at 
the  edges  of  continents  and  oceans.  And  some  are  in  the  middle 
of  the  oceans. 


•l  1-5.  How  is  the  location  of  earthquakes  and  volcanoes  related 
to  the  theory  that  continents  are  moving? 


Question  11-5  is  a  tough  one.  But  here's  a  theory  that  seems 
to  fit  the  observations  fairly  well.  Look  at  Figure  11-4 
below. 


ocean 


crust 


convection 

currents 


mantle 


convection 

currents 


Atlantic  Ocean 
floor  spreads 
from  here 


Crust  moves 
over  next  . 
plate. 


^North' 

America 


Eurasia 


trench 


Figure  1 1-4 


11-5.  [Answers  will  vary,  but 
they  might  indicate  that,  if  the 
continents  are  moving,  it  is  rea¬ 
sonable  to  find  disturbances,  or 
disruptions,  at  the  edges  where 
they  moved.] 
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Today,  at  midocean  locations,  the  sea  floor  is  spreading  apart 
at  rates  of  two  to  ten  centimetres  a  year.  This  new  sea  floor, 
made  by  upwelling  of  materials  from  the  mantle  below,  totals 
more  than  one  square  kilometre  each  year. 

As  the  sea  floor  spreads,  it  pushes  the  bases  on  which  the 
continents  rest.  Some  continents,  such  as  Europe  and 
North  America,  move  farther  apart. 

This  movement  pushes  the  plate,  or  base,  of  North  America 
closer  to  the  Pacific  plate.  Something  has  to  give  where  these 
two  plates  meet.  One  place  they  meet  is  off  the  coast  of 
California,  where  there  are  earthquakes.  Most  of  the  earth¬ 
quakes  and  volcanoes  in  other  parts  of  the  world  are  caused  by 
similar  conditions. 


11-6.  The  five  observations  in¬ 
clude  continental  shapes,  loca¬ 
tions  of  old  rocks,  locations  of 
glacial  deposits,  locations  of  fos¬ 
sils,  and  locations  of  earthquakes 
and  volcanoes.  The  shapes  of  the 
continents  show  that  they  may 
once  have  fit  together.  The  lo¬ 
cations  of  old  rocks  match  when 
the  continents  are  fitted  together. 
The  locations  of  glacial  deposits 
show  that  the  continents  may 
have  been  one  landmass  during  a 
glacial  period.  The  locations  of 
fossils  match  when  the  continents 
are  fitted  together.  Earthquakes 
and  volcanoes  along  the  edges  of 
continents  indicate  that  the  con¬ 
tinents  are  moving. 


J.  Fill  in  Line  5  of  your  table. 

Besides  noting  these  five  pieces  of  evidence,  scientists  have 
made  several  other  observations  that  support  this  theory.  They 
have  found,  for  example,  that  the  rocks  of  the  ocean  floors  are 
very  young,  compared  with  the  rocks  in  the  continents.  The 
oldest  known  ocean-floor  rocks  are  only  about  one-twentieth 
as  old  as  the  oldest  continental  rocks. 


Scientists  have  estimated  that  every  year  about  fourteen  cubic 
kilometres  of  the  continents  are  eroded  away  and  carried  into 
the  ocean  basins.  At  this  rate,  the  continents  would  be  virtually 
flat  in  less  than  a  hundred  million  years.  This  clearly  has  not 
happened  even  though  the  continents  are  much  older  than  a 
hundred  million  years. 

So  not  only  are  the  continents  much  older  than  the  ocean 
basins  that  now  separate  them,  they  must  also  undergo  some 
kind  of  growth  or  renewal  that  keeps  them  from  being  destroyed 
by  erosion. 

&11-6  .  Name  five  observations  that  support  the  theory  that  the 
continents  and  other  large  islands  were  once  all  one  landmass 
and  are  now  drifting.  Tell  how  these  observations  support  this 
theory. 
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ACTIVITY  12:  TOPOGRAPHIC  MAPS 

Nearly  everyone  uses  maps  at  some  time  or  another.  If  you  got 
a  map  right  now,  you'd  probably  be  able  to  use  it  to  get  some  in¬ 
formation.  You  probably  know  that  north  is  almost  always  at 
the  top  of  the  map  and  distances  on  the  map  are  carefully  pro¬ 
portioned.  Look  at  Figure  12-1  below. 


ACTIVITY  EMPHASIS:  Stu¬ 

dents  interpret  surface  features 
represented  on  a  topographic  map. 

MATERIALS  PER  STUDENT 
LAB  GROUP:  See  tables  in  “Ma¬ 
terials  and  Equipment"  in  ATE 
front  matter.  See  “Advance  Prep¬ 
arations"  in  ATE  front  matter. 


•  12-1.  What  direction  do  you  travel  if  you  go  from  Anton  to 
Lindon? 


12-1.  West 


•  12-2.  How  far  is  it  by  highway  from  Last  Chance  to  Thurman? 
How  far  is  it  "as  the  crow  flies"?  (Hint:  Use  the  scale  and  a 
ruler.) 


1 2-2.  30  miles;  about  23  miles 


There  are  other  kinds  of  maps  besides  the  usual  kind  shown  in 
Figure  12-1  above.  One  kind  is  called  a  topographic  map.  Topo¬ 
graphic  maps  have  the  added  advantage  of  showing  the  shapes  of 
the  land  surface  —  its  hills,  valleys,  and  plains.  On  a  topographic 
map,  you  can  see  not  only  how  high  a  hill  or  mountain  is,  but 
also  which  part  is  steepest  or  would  be  easiest  to  climb. 

Look  at  Figures  12-2  and  12-3  below.  They  show  the  same 
area.  Figure  12-2  is  a  drawing.  Figure  12-3  is  a  portion  of  a 
topographic  map. 


Figure  12-2  Figure  12-3 
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12-3.  [Answers  will  vary.  Any  of 
the  following  might  be  included. 
Features  are  symbolized  on  the 
map;  the  map  doesn't  have  the 
three-dimensional  effect  of  the 
view;  you  get  a  more  accurate 
idea  of  location  on  the  map.] 


You  may  wish  to  have  sample 
map  cuts  and  symbol  sheets 
available  for  students  to  look  at. 


12-4.  Lines  of  constant  elevation 


12-5.  Count  up  or  down  from  the 
nearest  line  with  a  number  on  it. 


12-6.  The  slope  is  steep.  The 
slope  is  gentle. 


Study  Figure  12-2  (page  59).  Notice  that  the  river  flows  into 
a  small  bay  protected  by  a  sand  spit.  Streams  have  cut  gullies 
into  terraces  on  both  sides  of  the  river  floodplain.  The  hill  to 
the  east  has  a  cliff  rising  from  the  sea,  but  otherwise  it  has  gradual 
slopes.  The  hill  to  the  west  has  one  steep  side  and  is  fairly  flat 
on  the  top.  A  church  and  two  houses  are  connected  by  a  dirt 
road  and  bridge  to  the  highway.  The  highway  follows  the  coast 
and  then  curves  up  the  valley. 

•  12-3.  How  does  the  topographic  map  in  Figure  12-3  (page  59) 
differ  from  the  view  in  Figure  12-2  (page  59)? 

Symbols  are  the  language  of  maps.  The  shape,  size,  location, 
and  color  of  the  symbols  have  meaning.  On  U.S.  Geological 
Survey  topographic  maps,  water  features  are  printed  in  blue, 
human-made  features,  such  as  roads  and  buildings,  are  in  black, 
and  wooded  areas  are  green.  (If  your  teacher  has  a  map  symbol 
sheet  for  you  to  use  while  you  look  at  a  sample  map,  you  will 
have  a  complete  list  of  symbols.) 

Symbols  on  a  topographic  map  are  fairly  easy  to  interpret. 
But  elevations  (heights)  may  be  more  difficult.  Elevations  of 
features  on  a  map  are  represented  by  a  series  of  lines  called  con¬ 
tour  lines.  These  lines,  black  in  Figure  12-3  (page  59)  and  brown 
on  U.S.  Geological  Survey  maps,  follow  the  shape  on  the  ground 
necessary  to  stay  at  a  constant  elevation.  Those  in  Figure  12-3 
mark  contours  every  twenty  feet.  Sea  level  is  at  zero  feet,  and 
each  contour  line  represents  twenty  more  feet  above  sea  level. 

•  12-4.  What  are  contour  lines  on  a  topographic  map? 

•  12-5.  How  can  you  find  the  elevation  of  a  contour  line  with 
no  number  on  it? 

•  12-6.  Look  at  a  place  where  the  contour  lines  are  close  together. 
What  does  that  tell  you  about  the  slope  of  the  land  there?  What 
does  it  mean  when  the  lines  are  far  apart? 

It  might  help  if  you  imagine  that  the  contour  line  is  the  track  you  will 
leave  as  you  are  walking  along  a  hillside.  You  are  being  very  careful 
to  stay  level,  not  walking  uphill  or  downhill. 
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•  12-7.  When  a  contour  line  crosses  a  gully  or  a  small  river  12-7.  The  contour  sine  bends 
valley,  what  happens  to  it? 


Let's  get  a  better  idea  of  maps  and  contours.  Do  a  little  cut¬ 
ting  and  pasting  to  make  your  own  topographic  map  of  ISIS  Is¬ 
land.  You'll  need  the  following  materials. 


This  activity  works  even  better 
if  contours  are  glued  onto  card¬ 
board  first. 


ruler 

scissors 

paste 

black  pencil 
brown  pencil 
blue  pencil 
green  pencil 

ISIS  Island  Topographic  Map 
ISIS  Island  Contour  Cutouts 

A. Cut  out  each  of  the  contour 
cutouts  labeled  1  through  7. 
Each  cutout  represents  20  feet 
of  elevation. 


B.  Use  the  dotted  lines  on  the 
map  and  on  each  cutout  to 
paste  each  contour  onto  the 
one  below  it.  The  outermost 
line  represents  sea  level  — 
0  feet  elevation.  The  interval 
between  contour  lines  is 
20  feet. 


C.  Draw  in  each  contour  line 
along  the  edges  of  the  cutouts 
with  the  brown  pencil.  Label 
each  one,  starting  with  20. 


•  12-8.  What  is  the  elevation  of  the  highest  contour  line  on  your 
map? 
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There  are  no  120-feet  contour  lines  on  the  map.  Thus,  you 
know  that  the  highest  point  on  the  island  must  be  between  100 
and  120  feet. 


D.On  the  line  marked  "Scale 
of  Miles,"  draw  a  scale  show¬ 
ing  that  1  inch  equals  1  mile. 


1  2-9.  614  miles  long;4/4  miles  wide 


12-9.  About  how  long  is  ISIS  Island?  How  wide? 


12-10.  About  26  square  miles 


•  12-10.  How  many  square  miles  is  ISIS  Island? 

You  will  need  a  method  of  locating  features  on  your  map. 
This  is  done  by  lines  called  latitude  lines  and  longitude  lines  on 
all  topographic  maps.  Latitude  lines  are  also  called  parallels  and 
run  east  and  west.  Longitude  lines  are  also  called  meridians  and 
run  north  and  south.  Features  are  then  located  at  or  near  inter¬ 
sections  between  parallels  and  meridians. 


E.  Write  in  the  degrees  and 
minutes  of  latitude  and  the 
degrees  and  minutes  of  longi¬ 
tude  for  each  of  the  sides  of 
your  map.  The  southern 
parallel  is  10°00'N.  The 
northern  parallel  is  10°07'N. 
The  eastern  meridian  is 
130°10'W.  The  western  merid¬ 
ian  is  130°17'W. 


ISIS  Island  has  one  small  river  with  a  tributary  stream.  When 
contour  lines  cross  river  and  stream  valleys,  they  bend  upstream 
because  the  valley  is  lower  than  the  surrounding  land.  Rivers 
flow  from  higher  to  lower  elevation. 
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F.  Locate  the  two  valleys  l 
your  map.  Use  your  blue  pen 
cil  to  draw  in  the  river.  It 
starts  in  the  mountains  be¬ 
tween  South  Hill  and  East 
Hill.  It  flows  northwest 
through  one  valley  and  emp¬ 
ties  into  Big  Bay. 


G.Use  your  blue  pencil  to 
draw  in  the  tributary  stream. 
It  starts  in  the  middle  of 
South  Hill  and  flows  through 
the  other  valley.  It  empties 
into  the  river  at  10°04'N  and 
130°14'W. 


H.Use  the  topographic  map 
symbols  to  locate  and  add  to 
your  map  the  features  listed 
below.  Use  the  proper  color 
pencils  —  green  for  natural 
features  and  black  for  human- 
made  features. 

Swampat10°01'N  X130°13'W 
Town  with  church,  school, 
and  4  buildingsat10°04/N  X 
130°  14'W 

Mine  at  10°03'N  X  130°15'W 
Bench  mark  on  top  of  South 
Hill  (elevation  117  feet)  at 
10°02/N  X  130°14/W 
Railroad  between  town  and 
mine 

Light-duty  road  going  around 
island 

Bridge  where  road  crosses  river 


•  12-1 1.  In  what  direction  does  a  train  run  going  from  the  mine  12-n.  Northeast 
to  town? 


•  12-12.  What  is  the  latitude  and  longitude  of  the  bridge? 


12-12.  10°04'N  X  130°  14'W 
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Now  use  Figure  12-4  below  to  see  how  well  you  understand 
topographic  maps.  Answer  the  questions  that  follow  the  figure. 


Figure  12-4 


12-13.  It's  10  feet.  The  contour 
interval  is  given  at  the  lower  right. 

12-14.  It's  170  feet.  The  reference 
contour  line  is  100  feet  in  the  up¬ 
per  left  corner.  You  counted 
from  that  line. 

12-15.  It  flows  from  Point  D  to 
Point  E.  Valley  contours  point 
upriver. 


12-16.  110  feet;  110  feet 

12-17.  Point  H  is  higher  —  be¬ 
tween  200  and  210  feet.  The 
hill  at  Point  H  is  steeper,  since 
the  contours  are  closer  together. 


•  12-13.  What  is  the  interval  between  contour  lines?  How  do 
you  know? 


☆ 


12-14.  What  is  the  elevation  at  Point  A?  Explain  how  you 
got  your  answer. 


☆l 


2-15.  Does  the  Crooked  River  flow  from  Point  D  to  Point  E 
or  from  Point  E  to  Point  D?  Explain  your  answer. 

Contour  lines  with  "teeth"  are  depression  contours  —  lines 
showing  depressions,  or  basins.  When  a  depression  contour  is  next 
to  a  contour  line,  both  show  the  same  elevation.  When  two  or 
more  depression  contours  are  together,  the  inner  ones  are  each 
one  interval  lower. 

7^12-17.  Which  is  at  a  higher  elevation  —  Point  C  or  Point  H? 
Which  hill  is  steeper  —  the  one  to  Point  C  or  to  Point  H?  Ex¬ 
plain  your  answers. 


2-16.  What  is  the  elevation  at  Point  F?  At  Point  G? 
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ACTIVITY  13:  PLANNING 
Activity  14  Page  66 


Activity  15  Page  69 

What  Sort  of  Rock? 

Some  simple  tests  you  can  do  will  dis¬ 
tinguish  among  igneous,  sedimentary, 
and  metamorphic  rocks.  Do  this  ex¬ 
cursion  activity  to  find  out  how  to 
test  and  classify  different  kinds  of  rocks. 


Activity  16  Page  72 

Weathering 

“Solid  as  a  rock"  doesn't  mean  much 
when  you  consider  geological  time. 
Find  out  about  the  process  of  weather¬ 
ing  and  its  importance  in  this  activity. 
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ACTIVITY  EMPHASIS:  Most 
things  people  use  come  directly 
or  indirectly  from  Earth's  crust 
and  are  in  some  way  modified 
before  use. 

MATERIALS  PER  STUDENT 
LAB  GROUP:  None. 

For  this  activity,  most  students 
will  wish  to  take  the  textbook 
home  overnight. 


ACTIVITY  14:  USEFUL  PRODUCTS 


Most  of  the  things  around  you  come  from  materials  that  once 
were  part  of  the  rocks  in  Earth's  crust.  As  you  do  this  activity, 

look  closely  at  your  surroundings. 

Everything  in  the  lists  in  Figure  14-1  (pages  66  and  67)  comes 
from  Earth's  rocks.  Your  task  is  to  find  as  many  of  these  materials 
in  your  home  as  you  can.  Use  the  lists  in  Figure  14-1.  In  your 
notebook,  write  the  names  of  the  materials  you  find  in  your 
home. 


Home  inventory 


BUILDING  MATERIALS 
FROM  EARTH 


0iik 


oana 

gprgg 

aans 

rs  ^ 

---  lu U  LLUfii*UH  •  \ 

cj  yut  • 

C3CUC1  • 
C3LLDL 


Sfcfi  %"S 


adobe  bricks 
sandstone 
limestone 
marble 
granite 

common  brick 
cement  blocks 
pebbles  (in  concrete)  ■ 

slate  (roof  shingles) 
cement  asbestos  (siding  shingles) 
glass 

fiberglass  insulation 
ceramic  tile  (wall  and  floor  tile) 
concrete  (foundations,  sidewalks) 
plasterboard  (room  walls) 
concrete  (between  bricks) 
putty  (edges  of  window  panes) 
sand  (on  roofing  shingles) 


nni-ipi 

annn 

naan 

3 IMPI 

annn 

ni-inn 


“?n. 

h 


t'AJ 


PLUMBING  MATERIALS 
FROM  EARTH 

glass  pipe  (drains,  below  sink) 
vitreous  china  (toilet  bowls) 
porcelain  ware  (lavatory  sinks) 
cement-asbestos  pipe  (sewage  I 
clay-tile  pipe  (sewage  lines) 


_ 

“If . if . T . T 

■iitniw. J  '■•tmtMvt ^ 
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Figure  14-1  (continued  on  page  67) 
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•  14-1.  The  list  of  materials  you  have  in  your  notebook  could  be 
called  a  home  inventory.  How  many  materials  do  you  have  in 
your  home  inventory? 


14-1.  [Answers  will  vary.] 


•  14-2.  Take  an  imaginary  trip  around  your  school.  Look  for 
materials  that  you  have  already  listed  in  your  home  inventory. 
How  many  materials  from  rocks  do  you  have  in  your  home  that 
are  not  in  your  school? 


14-2.  [Answers  will  vary.] 


clay 

epsom  salts 
borax 

sodium  hypochlorite  (pool  chlorine) 
pebbles  (in  aquarium) 

lime 
pumice 
sand 
cat  litter 

vermiculite  (packing  and  insulation) 
potting  soil 
clay  pots 

bookends  (onyx  and  other  rocks) 
emery  board  ("sand  paper"  for  fingernails) 
kaolin  (the  clay  in  medicines  that  stop 
diarrhea) 

talc  powder  (body  powder) 
fiberglass  curtains 

fertilizer  (containing  potash  and  other 
substances) 


Figure  14-1  (continued  from  page  66) 
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putty 


fireworks  mixtures 


black  gun  powder 


Niyp  uijfr  '  Q\aS 


bleaching  powder 


sandpaper 


AC  electric  rectifiers 


transistors 


color  TV  screen 


copy  machine  drum 


r  Inzer 
°sp  hate 


insulation  for  walls 


•  Treat  > 
ac'd  (Hp 
te  "rimed. 


sulfurk 

Phosph 

flrouvth. 


update 
to  form 
availabi( 


Cl<  with 
soluble 
)r  Plant 


By  now  you  have  a  much  better  idea  than  most  people  do 
about  how  many  useful  things  come  from  Earth.  Most  of  these 
different  products  are  made  by  mixing  different  Eart 
and  heating  them.  Or  they  may  be  dried  and  treated  in  some 
other  way  The  recipes  in  Figure  14-2  below  show  a  few  ways  to 
make  useful  things  from  Earth  materials. 


el.  water  '  Cerr|ent,  sand,  grav- 

stand  unt,ld'ha7densP°TUh  int0  mol,J; le< 

!and-  gravel  a Tb^om”^  Cement- 
concrete.  Decome  part  of  the 


Figure  14-2 
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ACTIVITY  15:  WHAT  SORT  OF  ROCK? 


The  properties  of  a  rock  are  the  result  of  the  way  that  rock 
was  formed.  In  this  activity,  you  will  make  some  careful  observa¬ 
tions  of  rocks  to  determine  how  they  were  formed.  You  will 
then  be  able  to  tell  whether  a  rock  is  classed  as  sedimentary, 
igneous,  or  metamorphic.  You  will  need  the  following  materials. 


ACTIVITY  EMPHASIS:  Rocks 
may  be  classified  as  igneous,  sed¬ 
imentary,  or  metamorphic  by 
using  tests  for  texture,  compo¬ 
sition,  fossils,  and  reactions  to 
chemicals.  Answering  a  series  of 
yes— no  questions  can  lead  to  a 
decision  about  the  proper  classi¬ 
fication  of  different  kinds  of 
rocks. 


safety  goggles 

Rock  Set  for  Activity  15 

hydrochloric  acid,  HCI,  0.5M,  in  dropping  bottle 
baby-food  jar 
nail  or  needle 
hand  lens 


CAUTION  You  will  be  using  hydrochloric  acid. 

It  is  a  strong,  corrosive  substance. 
Use  care  in  handling  it.  If  you  spill 
any,  wipe  it  up  immediately  with  a 
wet  paper  towel.  Be  sure  to  wear 
your  safety  goggles. _ 


MATERIALS  PER  STUDENT 
LAB  GROUP:  See  tables  in  "Ma¬ 
terials  and  Equipment"  in  ATE 
front  matter.  See  "Advance  Prep¬ 
arations”  in  ATE  front  matter. 


Spirit  duplicating  masters  of  Figure 
15-1  and  15-2  are  available.  Make 
copies  of  the  two  sheets  for  each 
student. 


A.  Figure  15-1  (page  70)  de¬ 
scribes  some  tests  that  will  help 
you  sort  the  rocks.  Read  the 
tests.  Look  at  the  drawings  so 
that  you  understand  the  tests 
before  you  do  them. 

B.  Pick  up  a  rock  sample.  In 
your  notebook,  write  down  its 
number.  Go  through  the  four 
tests,  making  notes  of  your  ob¬ 
servations.  The  hand  lens  and 
the  nail  or  needle  will  help  you 
with  these  tests. 

C.  Ask  yourself  the  questions 
in  Figure  15-2  (page  70).  Begin 
with  the  question  in  Cluel. 
Write  down  the  answers  in  your 
notebook  as  you  go.  Follow 
the  instructions  in  each  clue 
you  use. 
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Have  the  correct  identifications 
available  for  students  when  they 
finish. 


D.  If  your  rock  sample  fits  the 
description  given  in  a  clue 
marked  with  a  star  (*),  you  can 
make  a  decision  at  that  point 
about  the  kind  of  rock  it  is. 


E.  Do  Steps  B,  C,  and  D  again 
with  a  different  rock  sample. 
Continue  until  you've  tested 
and  identified  all  ten  samples. 
Then  check  your  identifica¬ 
tions  with  your  teacher. 


Copies  of  "Rock  Tests"  and  "Clues 
to  Rocky  Problems"  will  be  helpful 
during  your  identification  work. 


— - -(Clues  to  Rocky  Problems) - 

1.  Is  the  rock  sample  made  of  particles  that  interlock?  Ifyour 
answer  is  yes,  the  rock  cannot  be  sedimentary.  Go  on  to 
Clue  2  in  the  list.  If  the  answer  is  no,  go  to  Clue  7. 

2.  Are  the  crystals  the  same  kind  -  same  color,  about  the  same 
shape,  same  hardness?  If  the  answer  is  yes,  it  cannot  be 
igneous.  Go  to  Clue  3.  If  the  answer  is  no,  go  to  Clue  4. 

*3.  A  rock  with  crystals  of  all  the  same  kind  is  probably  meta- 
morphic,  It  may  react  (bubble)  with  hydrochloric  acid. 

4.  Are  the  crystals  in  a  uniformly  mixed  pattern?  If  yes,  go 
to  Clue  5.  If  no,  go  to  Clue  6. 

*5.  A  rock  with  different  types  of  crystals  in  a  uniformly  mixed 
pattern  is  an  igneous  rock. 

*6.  A  rock  with  different  types  of  crystals  arranged  in  stripes  or 
bands  is  a  metamorphic  rock. 

7.  Is  the  rock  frothy  --  full  of  small  holes?  If  the  answer  is 
yes,  go  to  Clue  8.  If  no,  go  to  Clue  9. 

*8.  A  rock  with  lots  of  small  holes,  which  looks  as  though  it 
has  been  full  of  gas  at  some  time,  is  an  igneous  rock.  It  was 
formed  by  the  cooling  of  a  gassy  lava. 

9.  Is  the  rock  glassy,  like  a  piece  of  broken,  colored  glass?  If 
yes,  go  to  Clue  10.  If  no,  go  to  Clue  1 1 . 

*10.  A  dark,  hard  rock  that  looks  like  glass  is  probably  igneous 
rock  formed  by  fast  cooling  of  a  lava  flow  from  a  volcano. 

11.  Is  the  rock  made  of  strong,  flat  sheets  that  look  as  though 
they  will  split  off  into  slatelike  pieces?  If  the  answer  is  yes, 
go  to  Clue  12.  If  no,  go  to  Clue  13. 

*12.  A  rock  that  splits  easily  into  thin,  flat  sheets  is  probably 
metamorphic.  The  splitting  has  been  caused  by'pressure  - 
the  rock  used  to  be  sedimentary.  If  fossils  are  present,  they 
are  probably  squashed  and  flattened. 

13.  Does  the  rock  contain  easily  recognized  particles,  like  fine 
silt,  sand,  or  pebbles  cemented  together?  If  yes,  go  to 
Clue  14.  If  no,  go  to  Clue  15. 

*14.  A  rock  made  of  silt,  sand,  or  pebbles  cemented  together  is 
sedimentary.  It  may  have  fossils.  You  can  probably  see  lay¬ 
ering  in  some  samples.  It  may  react  with  hydrochloric  acid. 

15.  If  you  have  come  this  far,  you  have  a  sample  that  is  difficult 
to  identify.  It  is  not  igneous.  It  may  be  sedimentary  or 
metamorphic.  An  expert  is  needed. 


-Crock  tests)- 


COMPOSITION  TEST 

With  your  hand  lens,  determine  whether  the  rock  has 


1.  one  component 
(particles  alike) 


2.  several  components 
(more  than  one  kind 
of  particle). 


TEXTURE  TEST 

Determine  whether  the  rock 


1 .  has  crystals  — 

visible  particles  that 
interlock. 


2.  has  noninterlocking 
visible  particles  held 
together  by  a  ''cement.' 


3.  looks  glassy  and  very  smooth. 


4.  looks  frothy  and 
has  lots  of  holes  in  it. 


5.  looks  very  fine  grained, 
with  only  one  component. 


CHEMICAL  TEST 

Put  the  rock  sample  in  a  baby-food  jar.  Put 
two  or  three  drops  of  hydrochloric  acid 
on- the  rock  sample.  Look  for  bubbling. 

Be  sure  to  wash  the  rock  and  your 
hands  with  water  when  you're 
done. 


FOSSIL  TEST 

Look  for  fossils  in  the  rock. 
They  may  be  in  the  forms  of 
small  shells  or  leaf  imprints. 


CAUTION 

Be  sure  to  wear  your  safety  goggles 


Figure  15-1 


See  Step  D 

Figure  15-2 
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Figure  15-3  below  summarizes  the  information  about  the 
three  rock  types.  Study  it  before  you  try  Question  15-1. 


TEST 

SEDIMENTARY 

IGNEOUS 

METAMORPHIC 

Composition 

one  or  more  components 

usually  more  than  one  compo¬ 
nent 

one  or  more  components 

Texture 

noninterlocking;  sizes  of 
particles  range  from  very 
large  to  invisible 

interlocking;  sizes  of  crystals 
range  from  invisible  to  large 
grains;  mixed  distribution;  may 
also  be  glassy  or  frothy 

interlocking;  sizes  of  crystals 
range  from  invisible  to  large 
grains;  often  distributed  in 
stripes  or  bands 

Chemical 

may  bubble  with  hydro¬ 
chloric  acid 

does  not  react  with  hydro¬ 
chloric  acid 

may  bubble  with  hydro¬ 
chloric  acid  (one  type) 

Fossil 

may  have  fossils 

has  no  fossils 

has  fossils  very  rarely,  de¬ 
formed 

Figure  15-3 


•  15-1.  Now  get  the  rock  samples  labeled  Rock  Set  for  Ques¬ 
tion  15-1.  Without  using  your  book,  identify  each  of  the  rocks 
labeled  X,  Y,  and  Z  as  igneous,  sedimentary,  or  metamorphic. 


15-1.  Rock  X  is  sedimentary. 
Rock  V  is  metamorphic,  and 
Rock  Z  is  igneous. 


•  15-2.  For  each  rock  you  identified  in  Question  15-1  above, 
tell  why  you  classified  it  that  way. 

it  15-3.  You  have  a  rock  sample.  It  doesn't  bubble  with  hydro¬ 
chloric  acid.  It  has  interlocking  crystals  arranged  in  bands.  And 
it  has  no  fossils.  Is  the  rock  sedimentary,  igneous,  or  metamor¬ 
phic? 


15-2.  [Answers  will  vary,  but 
they  should  support  identifica¬ 
tions  listed  in  Figure  15-3.] 

15-3.  Metamorphic 


☆  15-4.  A  rock  sample  has  several  noninterlocking  components. 
It  bubbles  with  hydrochloric  acid.  And  it  has  no  fossils.  Is  the 
rock  sedimentary,  igneous,  or  metamorphic? 


15-4.  Sedimentary 
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ACTIVITY  EMPHASIS:  Weath¬ 
ering,  the  breakdown  of  rock 
exposed  to  the  weather,  provides 
the  mineral  components  of  soil 
and  is  basically  responsible  for  the 
shape  of  the  landscape. 


MATERIALS  PER  STUDENT 
LAB  GROUP:  None 


1 


'V  ■  ,;a 

Figure  16-1 


16-1.  The  headstone  on  the  left 
has  a  rougher  surface  with  many 
small  cracks.  The  date  is  less 
clear. 


16-2.  The  headstone  on  the  left 
is  probably  a  hundred  years  older 
than  the  one  on  the  right. 


ACTIVITY  16:  WEATHERING 


The  photos  in  Figures  16-1,  and  16-2  below  show  parts  of  two 
graveyard  headstones.  They  are  in  the  same  cemetery  in 
Massachusetts.  They  were  carved  from  the  same  kind  of  rock  — 
marble  —  which  probably  came  from  the  same  quarry.  When  you 
look  carefully,  however,  you  can  see  differences. 


Figure  16-2 


•  16-1.  Describe  the  differences  between  the  two  headstones. 

If  these  photographs  were  in  color,  you  would  see  that  the  left 
headstone  is  more  yellowish  than  the  right  stone.  The  rough 
surface,  cracks,  and  discolorations  on  the  left  headstone  were 
caused  by  thousands  of  changes  in  the  weather.  It  went  from  dry 
to  wet  to  dry  again  and  from  warm  to  cold  to  warm  again.  In 
other  words,  these  changes  were  caused  by  long  exposure  of  the 
rock  to  the  weather.  Scientists  say  that  the  left  headstone  is 
more  weathered  than  the  right  one. 

•  16-2.  The  two  headstones  are  the  same  kind  of  rock.  And 
they  are  exposed  to  the  same  weather.  Why  don't  they  show  the 
same  amount  of  weathering? 

Figure  16-3  (page  73)  shows  a  polished  granite  headstone  in 
the  same  cemetery.  It  has  been  exposed  to  the  same  weather 
even  longer  than  the  marble  headstone  in  Figure  16-1  above. 
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Figure  16-3 


•  16-3.  Does  granite  weather  more  or  less  easily  than  marble? 

16-3.  Granite  weathers  less  eas¬ 
ily.  The  letters  and  numbers  on 
the  stone  seem  sharp  and  clear. 


Explain  your  answer. 


Cleopatra's  Needle,  shown 
in  Figure  16-4  at  the  right,  is 
also  carved  from  granite.  But 
it  has  been  exposed  to  the 
weather  for  about  3500  years. 

Most  of  those  3500  years, 
the  stone  was  in  Egypt  in  a 
hot,  dry  climate.  But  the 
edges  have  still  become  round¬ 
ed  and  some  of  the  carving  is 
almost  gone. 
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Figure  16-4 


•  16-4.  What  are  three  factors  that  affect  the  amount  of  weather-  ie-4.  Time,  type  of  rock,  and 
ing  of  rock?  climate 

In  a  sense,  weathering  can  be  said  to  affect  almost  every  kind 
of  material.  Wood  warps,  splits,  and  rots.  Iron  rusts.  Copper 
and  brass  turn  green.  Aluminum  corrodes  to  a  chalky  powder, 
especially  in  salty  air  near  the  coast.  Rubber  hardens,  shrinks, 
and  cracks.  Paints  get  chalky  and  peel  off.  Concrete  cracks  and 
crumbles.  Old  glass  bottles  left  outdoors  change  color  and  lose 
their  clearness.  Silver  tarnishes. 
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18-5.  The  natural  change  of  mate¬ 
rials  exposed  to  weather. 


Only  a  few  precious  metals  and  gems,  such  as  gold  and  dia¬ 
monds,  show  no  visible  change  in  the  centuries  of  human  history. 
All  common  materials,  if  exposed  long  enough,  are  changed  by 
weathering.  But  it  takes  sharp  eyes  to  see  these  changes. 


What  is  weathering? 


Now,  you  can  try  to  find  some  evidence  of  weathering. 


A.  In  your  notebook,  make  a 
table  similar  to  this.  Leave 
enough  space  for  each  de¬ 
scription. 

B.  Look  for  evidence  of  weath¬ 
ered  materials  around  your 
school.  Record  what  you 
find  on  the  table  in  your 
notebook.  Remember  that 
weathering  is  natural.  Don't 
include  changes  made  by  peo¬ 
ple. 


You  should  not  think  of  weathering  just  in  terms  of  human 
lifetimes  or  even  thousands  of  years.  Think,  instead,  of  weather¬ 
ing  during  geologic  time  —  hundreds  of  millions  of  years.  It's 
not  surprising,  then,  that  most  rocks  found  lying  on  the  ground 
have  weathered  surfaces.  To  be  sure  of  their  composition,  scien¬ 
tists  have  to  break  open  rocks  to  look  beneath  the  weathered 
surfaces.  Look  at  Figure  16-5  below. 


Pencil  Point 


Figure  16-5 
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In  the  ground,  where  there  is  much  more  continuous  mois¬ 
ture,  rocks  weather  faster  than  when  they  are  exposed  on  the 
surface.  As  far  as  people  are  concerned,  it's  a  good  thing  weath¬ 
ering  of  rocks  happens.  Look  at  Figure  16-6  below.  It  shows 
the  wall  of  a  quarry  opened  to  get  rock  for  road  building. 


Figure  16-6 


•  16-6.  What  is  at  the  top  of  the  quarry  wall? 

16-6.  Plants 

The  presence  of  plants  means  soil.  If  you  look  closely,  you'll 
see  that  the  rock  seems  to  change  into  soil  as  it  goes  toward  the 
surface. 


•  16-7.  What  is  soil? 

If  you  said  that  soil  is  made  of  particles  from  weathered  rock, 
you're  partly  right.  Soil  also  usually  contains  the  remains  of 
many  generations  of  plants. 

Plants  get  most  of  their  nourishment  from  the  soil.  Weather¬ 
ing  breaks  down  the  rock  and  releases  some  of  the  nutrients 
plants  need,  such  as  iron,  calcium,  and  sodium.  Plants,  in  turn, 
provide  food  for  people  and  other  animals. 

16-8.  Why  is  the  weathering  process  important  for  people  and 
other  animals? 


16-7.  Particles  from  weathered 
rock  and  plant  remains 


16-8.  Weathering  breaks  down 
rock  to  provide  the  soil  and 
nutrients  for  plants,  which  people 
and  other  animals  eat. 


EXCURSION  75 


16-9.  Weathering  changes  rock, 
which  can  then  be  eroded. 


Now  think  back  to  Activity  7  (page  36).  Remember  how  rivers 
and  streams  erode  their  valleys.  Moving  water  can  carry  away 
any  rocky  material  —  boulders,  gravel,  sand,  or  clay.  But  the 
rock  must  first  be  cracked  and  weakened  enough  for  the  water 
to  move  it. 

Look  again  at  X  in  Figure  7-1  (page  36).  Weathering  weakens 
rocky  valley  walls  until  small  pieces  can  roll,  slide,  or  creep  down 
to  the  river  bank.  This  makes  it  possible  for  rivers  to  shape 
their  valleys,  as  shown  in  Figure  7-3  (page  37)  and  Figure  7-4 
(page  38).  The  gravel,  sand,  and  mud  on  the  floors  of  these 
valleys  were  once  solid  rock. 

Weathering  prepares  the  land  for  erosion,  whether  by  rivers, 
glaciers,  waves,  or  wind.  Thus  weathering  is  basically  responsible 
for  shaping  the  landscape. 

&16-9.  Explain  how  weathering  is  involved  in  shaping  the  land¬ 
scape. 


The  steep  rock  feature  shown  in  Figure  16-7  below  sticks  up 
out  of  the  flat  plains  of  northwestern  New  Mexico.  It  is  called 
Ship  Rock. 


Figure  16-7 


16-10.  Since  the  rock  is  there,  it 
must  be  more  resistant  to  weath¬ 
ering  than  the  surrounding  rock, 
which  has  been  weathered  and 
eroded  to  a  plain.  Boulders  and 
weathered  rock  material  are  at 
the  base  of  the  rock.  The  surface 
of  the  rock  is  rough,  with  vertical 
channels  (fluting)  in  it. 


There  are  no  stream  or  river  channels  close  enough  to  have 
carved  Ship  Rock  into  this  shape.  The  nearest  glaciers  or  waves 
are  hundreds  of  miles  away.  But  there  are  a  number  of  things 
in  this  scene  that  demonstrate  the  process  of  weathering  in  shap¬ 
ing  the  landscape. 

•  16-10.  What  evidence  of  weathering  do  you  see  in  Figure  16-7 
above? 
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